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SYSTEMATIC    CORRECTIONS    TO    OBSERVED   NORTH-POLAR    DISTANCES 
DEDUCED    FROM   REFLECTION   OBSERVATIONS   AT   GREENWICH, 

Bi    J.   R.   EASTMAN. 


From  the  installation  of  the  Transit-Circle  at  Greenwich 
in  1851,  down  to  the  present  time,  the  Astronomers  Royal 
have  continued,  with  little  variation,  the  method  of  dealing 
with  Reflection  observations  which  was  adopted  by  Airy 
while  he  was  in  charge  of  the  observatory  in  Cambridge. 

This  method,  together  with  the  frequent  comments  of 
Sir  George  B.  Airy,  on  its  unsatisfactory  results,  lias 
already  been  alluded  to  in  a  paper  on  the  "  Discordances 
between  the  North-Polar  Distances  of  Stars  derived  from 
Direct  and  Reflection  Observations,"  in  the  Astronomical 
Journal,  No.  154,  1899  Jan.  25. 

The  process  of  obtaining  the  individual  values  of  U—D 
is  practically  the  same  in  all  observatories,  but  the  methods 
of  combining  results  and  of  determining  the  tinal  syste- 
matic corrections  to  the  observed  north-polar  distances, 
vary   materially  at  different  observatories. 

This  paper  is  designed  to  give  the  results  of  an  exami- 
nation of  the  observed  positions  of  reflected  stars,  and  of 
that  part  of  the  adopted  systematic  corrections  depending 
on  the  values  of  /i"— /■>,  at  Greenwich,  from  1851  to  1864 
and  from  1866  to  1893. 

The  plan  adopted  at  Greenwich  was  to  collect  the  A'—/' 


results  from  stars  arranged  in  groups  covering,  approxi- 
mately, the  same  number  of  degrees  in  N.P.D. 

The  mean  value  of  E—  /'  for  each  group  was  then  taken 
by  weights. 

In  nearly  every  year  the  values  of  R — D  in  the  groups 
north  of  the  zenith  differed  appreciably  from  those  south 
of  the  zenith  ;  and.  generally,  the  sign  of  the  result  changed 
at  the  zenith.  The  assumption  was  then  made  that  the 
correction  to  he  deduced  from  the  means  of  these  groups 
was  variable,  but  continuous  from  the  northern  to  the 
southern  limit  of  observation,  and  could  be  represented  by 
an  expression  of  the  form  a+b  sinzen.dist.  or  a  +  fi 
sin /en. (list.  X  cos-'zen. dist.  The  first  form  of  this  expres- 
sion was  used  from  1851  to  L861  and  from  1SS1  to  1893. 
The  second  form  was  used  from  1862  to  1880.  <  >f  course 
these  formulas  were  intended  to  represent  the  data  El'Oni 
the  ans  of  the  different  groups. 

To  show  how  the  astronomer's  aptitude  for  solving 
puzzles  was  tested  in  this  connection,  I  give  below  the 
mean  data  by  groups,  for  several  years,  which  exhibit  an 
average  range  in  the  variation  of  values  north  and  south 
of  the  zenith. 
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From  these  data  it  became  necessary  to  construct  formulas 
to  represent  the  supposed  observed  errors;  and  it  is  easy 
to  believe  that  the  task  was  not  always  successfully  per- 
formed. 

In  examining  tic-  work  at  the  Greenwich  Observaton 


the  values  of  A'—/',  for  each  star,  as  given  in  the  annual 
volumes,  were  collected  into  fourteen  groups,  each  covering 
.".  oJ  N.I'.P.,  from  358°  to  ;;.".'.  and  from  tl"  to  70':  thus 
using  an  equal  number  of  groups  north  and  south  of  the 
zenith. 
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e  uniform  system  of  weights  was  desirable,  and  since 
the  systems  used  at  Greenwich  wore  not  uniform  during 
the  period  under  consideration,  it   was  finally  decided  to 
(■in ] -1 1 >\  as  weights  simply  the  number  of  reflection 
i .it ions  combined  in  the  mean  R—  I>  for  each  star. 

In  I860  the  Transit  Circle  was  dismounted,  the  principal 
parts  separated,  and  the  central  cube  of  the  telescope  was 
.  to  allow  one  collimator  to  be  seen  from 
the  other  without  raisin-  the  pivots  out  of  the  I  s.     As 
the  work  v.  ;-  rrupted,  the  results  for   1865  were 

omitted  from  the  investigation. 

For  the  purpose  of  comparing  results  it  was  deemed 
desirable  to  collect  the  annual  results  into  groups.  There- 
fore the  periods  from  1851  to  1864  and  from  1866  to  1893 
were  divided  into  two  and  four  groups,  respectively,  of 
se>  en  j  ears  • 

In  considering  observations  of  this  character  it  should 
me  in  mind  that  the  accuracy  and  agreement  attained 
in  direct  observations  alone  are  not  to  be  expected. 

In  the  series  of  observations  under  examination  a  range 
of  more  than  5"  is  frequently  found  iii  a  single  group 
covering  a  space  of  •">"  in  N.P.D. 

To  illustrate  the  wide  range  in  the  observations  the  fol- 


lowing observed  mean  values  of  I:  -  /'.  in  a  5  group,  are 
copied  from  the  Greenwich  volumes.  The  subscript-figures 
show  tin'  number  of  reflection  observations  in  each  case 
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The  following  table   shows   the    maximum    annual    range 
in  a  5'  period,  together  with  the  position  of  the  group. 
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The  mean  value  of  the  above  maximum  annual  ranges  in 
iup  is 5".35.  These  maxima  occur  iii  an  equal  num- 
ber of  groups  on  each  si  enith.  If  the  maximum 
range  for  each  year  for  the  entire  range  of  reflected  obser- 
vations 011  both  sides  of  the  /enith  be  examined,  it  will  be 
found  I  1  hat  annual  range  for  the  II' 
.  up  358°  to  :;:;  .  N.  1'.  1  >..  o".  In  ■    and  in  the 

11    to  79    it  is  5".  10. 
The  of  the  range  of  observed  values  will  serve 

ike   it    plain    that,  except   in   the   case   of  a    wi\ 
number  of  o  ■■>  ir  similar  and   uniform 

conditions,  apparently  abnormal  results  may  be  expected. 

So  strongly  marked   is  this   peculiarity  in  these  observa- 
tions that  it  is  believed  that  a  careful  examination  of  the 


observations  and  results  will  convince  the  astronomer  that 
Kempt  to  draw  definite  conclusions  concerning  the 
stability  of  his  instruments,  from  the  fortuitous  and  irregu- 
lar annual  variations  in  the  observed  values  of  R—D, 
except  with  a  very  large  number  of  observations,  ma. 
duct,  to  misleading  and   unsatisfactory  results. 

[n  the  examination  of  the  Greenwich  reflection  ob 

t.ions  the  means  of  all  the  /,'  /'  results  in  each  group,  in 
each  year,  were  taken  by  using  the  weights  already  men- 
tioned.  Then  the  means  of  the  separate  groups  in  N.P.D. 
wen-  collected  for  each  series  of  seven  years,  and  the  mean 
for  each  seven  years  obtained  :  linalh  the  mean  by  groups  of 
:,  \  r.D.  was  taken  for  the  period  1851  to  1S04.  two  seven- 
year  periods,  and  for  the  period  1866  to  ISO.",,  four  seven- 
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year  periods.      As  a  sample  of  the  results  in  each  year,  I 
o-ive  in  tlie  following  table  the  mean  results  in  each  of  bhe 


following  years  in  each  5°  group.      The  subscript-figures 
indicate  the  weights  or  number  of  observations. 


Groups 

1851 

1852 

1S53 

1854 

1855 

358  to     •"> 

+  0.6718 

+  0.44., 

+  0.44.,., 

+  0.46,. 

+0.9:;. 

.'! 

8 

+  0.4:;.., 

-0.05, 

+  0.85, 

-0.24, 

-0.55, 

8 

13 

— 0.2910 

+  0.05. 

-0.65, 

-1.384 

+  0  15,, 

13 

18 

+0.51IS 

-0.539 

+0.28, 

+  0.34, 

+  0.45„, 

is 

".'! 

+  o.l  2, 

+0.6713 

+  0.20,, 

+  0.083l 

-0.54u 

23 

28 

+  0.93- 

+  0.S1,, 

+  0.12M 

+0.3131 

+  0.05u 

28 

33 

+  0.11', 

+  0.11,, 

+0.98, 

-0.535 

+0.74,, 

44 

49 

+  0.34, 

+  0.40, 

+0.32, 

-0.42., 

I-0.43, 

49 

54 

—0.02, 

+  0.61, 

-0.07. 

-0.72, 

-1.2:;, 

54 

59 

+  0.11H 

+  0.05.,,, 

+  0.10,, 

+0.3516 

-0.16, 

59 

64 

+  o.i::.. 

-o.i';-!.., 

-0.29.,.. 

-0.31.,., 

+  0.O1'. 

64 

69 

-0.29,, 

-O.SS.,, 

-0.62„ 

-   0.25,,, 

-1.12,, 

69 

74 

-0.19,, 

-0.23M 

-0.59o, 

-  0.68.,5 

-1.01- 

74 

79 

-0.32£ 

+  0.00.,.. 

-0.21,, 

-0.4319 

+  0.1218 

The  following  table  exhibits  the  mean  results  for  each  5° 
»roup  in  N.l'.IV.  and  for  each  series  of   seven   years.     The 

Table  A. 


subscript  figures  represent  the  number  of  observations  by 
reflect  ion.  or  the  weights. 


Limits  for 

1851 

1858 

1866 

1873 

1880 

1887 

each  group  in 

to 

to 

to 

to 

to 

to 

\.IM>. 

1857 

L864 

1872 

1879 

1886 

1893 

358  to     •"> 

+  0.52.,., 

+  0.6  1, 

—  O  .')'' 

-   0.2716, 

-0.31„2 

-0.39^ 

3    :      8 

+•0.21-., 

+■0.5  1,. 

-0.57,5 

-0.4110S 

-0.39,. 

-0.46,. 

8 

13 

-0.01 .. 

+0.17« 

-0.67,,, 

-0.25w 

-0.47u, 

-0.36,,, 

13 

18 

+0.30,0, 

+  0.3918S 

-0.29,,, 

-o.;;i'.,.- 

-    ('.17, „ 

-0.37,88 

18 

23 

+  0.02,.., 

+  0.35j-e 

-0.21.,.- 

-0.31296 

-"•29,,, 

-0.11., 

23 

28 

+  0.40,,,, 

+  0.43,,, 

-0.16 

-0.263n 

-0.04„, 

0  22 

—  o.--„ 

28 

:;."> 

+0.26-6 

+  0.1  1,,, 

•     -0.30,, 

-0.09,,- 

+  o.i:;,», 

+  0.12,, 

44     :     A  9 

-0.31  , 

—0.42,. 

+  o.. •:<!,. 

+  0.16,, 

+  0  32 

+  0.7S, 

49 

54 

+  0.14- 

—  0.05,00 

+  0.-10,-. 

+  0.3L,, 

+0.36138 

+0.63,, 

54 

59 

+  0.i:;„. 

—  0.26,a 

+  0.72180 

+  o.:;;., 

+  0.21,,,, 

+  0.51,, 

59 

64 

-0.1116, 

-0.22.,., 

+  0.60, 

+  0.30S(ilJ 

+  0.41.„4 

+0.32,,, 

64 

69 

—0.63,3, 

-0.46^ 

+  0.4S.,.,, 

+  0.25;7, 

+  0.25,,,, 

+  o.:.;5.,,, 

69 

74 

-0.59,,,,-, 

-0.67,,,, 

+  0.69,- 

+  0.24..,, 

+  0.11 

+  0.30,,,, 

74 

79 

-0.20a, 

-0.07.,, 

+  1.15.- 

+  0.31,,, 

+  0.49, 

+  0.572,,;, 

The   following  table    shows   the   menu    result    for    each 
jroup  for  the  two  periods,  together  with   the  mean    11— I> 


for  each  period  and  for  both  sides  of  the  zenith.     The  sub- 
script figures  indicate  the  number  of  observations  or  weights 


Table  I!. 


Group  of  Years 

358° to  3J 

3    to  8 

S    to  13 

13°  to  18° 

18    to  23 

23°  to  28° 

28°  to  33° 

358°  to  33° 

L851-57 
1858  64 

+0.52M 

+  0.64,.,, 

+  0".2159 
+  0.54« 

-O.Ol  - 

+  0.17,2, 

+  0.30,0, 
+0.39,8, 

+0.02,8, 

+0.35„,c 

+  0.40,50 
+0.43„, 

+  0.26,, 
+0.14M 

1X51-64 

1866  72 

1S73-79 
1sso  86 
1887-93 

+  0.55,,,      +0.36,O7 

-0.32,, 
0.27„,          nil,,, 
o.:;i„.         0.39 
0.39M          o.i.;,,,, 

+0.11,8, 

-0.67,,, 
0.25,0 
0.47,,, 

-0.36,,, 

+0.35^ 

-0.29,0, 

0.32 

0.47,« 

0.31  ,,„ 

+  0.244I, 

-0.21  ... 

0.31 

0.29^ 
-0.41 82 

+0.42,0, 

o.n;. 
0.28;, 
o.ol.„4 
—  0  22 

+  0.21la, 
-  .0.30  5, 

0.09,, 

+  0.13  M 
+0.12  „ 

+  0.31,-,,., 

1866-93 

-0.34M5  I   — <>.  ii,, 

-0.44,.,      -0.36n, 

-0.2887„ 

-  '   '   ■,,    , 

-0.0480, 

—  0  ''9 
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Table   B      Continued. 


['Years      i  ; 

1'."     tO  •"'!            ''1     1"  59 

..i    to  69 

69    to  7  1 

7)    to79 

-44    to  79 

L851    57 
1858   64 

0.31  , 
0  12,, 

1  0.1  1   - 
0.05100 

+  0.13  „ 
-0.26,s, 

-o.n  OT 

0.222S 

0-63184 
0.46^ 

0.59,„ 

-0.07  „„ 

0.20,„< 
-0.02  w 

1851    64 

1866   72 

•     !   79 

IS80   86 

L887   93 

0.35, 
•  0.30 

- 

o.oo 

+  0.40„s 

0.36,  . 
+0.63  M 

0.0821 

+  0.72,8fl 
0.37 

o.2i;w 

+  0.51  ,, 

-0.17« 

f-0.60 

"  ■"■"„. 
11  'I    i 

+0.32;, 

-   0.53,,, 

+  0.48„-„ 
0.25J 

"-•V 
+  0.35,,, 

-0.63,,,          0.13„14 

1  0.69,         t  1.1. V,. 
"-I    ,         0.31145 

nil,..        iir.i... 

+  0.30^,,    ■  +0.57.^ 

ii  22 

1080 

93 

hO.%1 

•"•'•:. 

f-0  18 ... 

+  "H„„. 

Hi.::-,,, 

+  i  ».;;;.„ :     fo.52,^ 

+0.4017M 

In  the  following  table  are  given,  for  easy  inspection,  the   mean    values   of   J!—l>   for  each    group    in    N.I'. P. 
or  the  two  periods,  before  and  after  1865. 


Tabli    C. 

N.P.D.  of  Groups 

185]   64 

IS66  93 

N.P.D.  "i  i  rroups 

[851   hi 

18G6-93 

- 

+  0.5518j 

0.34 

11   to  49 

0.354f 

+  0.34M 

3     :        8 

0.3610? 

11  II, 

l:i    :    54 

o.oo,3, 

0.37 

8      :      13 

0.11,., 

11  II 

r.4     :    59 

ll.OS,., 

0.48M9 

13     :      !S 

0.352 

0.367lJ 

59     :    64 

0.17,,, 

'Ml,,,,. 

18     :    23 

ii  LM 

0.28  „ 

64     :    69 

0.5338 

0.32,12] 

23    :    28 

"■I'., 

69     :     7-1 

o.o::.... 

0.37,6S 

28    :    33 

+  0.21a 

■ 

74     :     79 

-0.132M 

+0.52 

A  careful  inspection  of  the  above  table  will  show  the 

apparent  difficulty   in    representing    the    mean    values    ol 

/,•      D  f or  the  period  from    1851    to   1864  on  either  side  of 

nith  bj  an\  simple  function  of  the  zenith-distance. 

From  L866  to  1893  the  ralues  north  of  the  zenith  show 

inge  likely  tn  be  due  to  zi  nith  distance,  excepl  in  the 

last  two  groups,  and  there  the  magnitude  of  the  values  is 

due  to  some  peculiar  data  in  1882  and  1883.     From   L866 

13   the  mean  value-  of   /.'     /'.  south  of   the  zenith. 

completely  disprove,    so    far   as    thej    go,    anj    theorj    of 

change  of  value  due  to  zenith-distance. 

i  i    range  of  data  from  the  obser- 

ns,  the  most  manifest  determination  of  the  corrections 

on  each  side  of  the  zenith  would  .seem  to  be  the  mean  of 

the  results  from  the  set  ither  side. 

'The  most  obvious  inference  from  these  results  is,  thai  if 
the  systematic  corrections  which  have  been  used  at  Green- 
wich for  many  years  are  correct,  a  comparison  of  the 
Greenwich  results  with  a  thoroughly  good  system  of  star 
places,  free  from  systematic  errors,  should  give  a  sel   of 


residuals,  if  any.  of  nearly  constant  value  from  the  north 
era  to  the  southern  limit  of  observation.  On  the  other 
hand,  if  these  systematic  corrections  are  faulty,  then  the 
residuals,  derived  from  a  comparison  with  the  best  systems 
of  star  places,  would  take  the  general  form  of  the  corrections. 

It  has  been  mentioned  already  that  the  expression  from 
which  the  systematic  corrections  depending  on  the  values 
of  /.'  —  D  were  computed,  had  been  used  in  two  forms. 
From  1S.-.1  to  1861,  and  from  1881  to  1S9.".,  the  formula 
used  was.  a+fl  sin  zen.  dist.,  which  for  convenience  1  will 
call  formula  No.  1.  from  1  SOL'  to  1880  the  formula  was 
a  +isin  zen.  dist.  X  cos-  zen.  dist..  which  I  will  call  formula 
No.  l'. 

Since  the  Transit  Circle  was  mounted  at  Greenwich,  five 
star  catalogues,  depending  on  the  work  of  that  instrument. 
have  been  issued  by  the  observatory. 

Tin-  results  of  the  comparison  of  these  five  catalogues 
with  Prof.  Newcomb's  "Absolute  System  "  aregiven  in  the 
following  table.  The  quantities  in  the  table  are  corrections 
i .  reenwich  catalogues. 
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Table  1'. 


n.p.d. 

Greenwich  Catalogues 

1SG0 

1864 

1872 

1880 

1S90 

1° 

+  0.01 

+  0.00 

-0.01 

+  0.03 

o'oo 

t; 

.06 

.o:; 

,os 

.03 

.00 

n 

.11 

.04 

.14 

.06 

.no 

it; 

.17 

.06 

.17 

.11 

.00 

21 

.22 

.OS 

.2o 

.28 

.00 

26 

.29 

.10 

.22 

.40 

.no 

:il 

.35 

.1:; 

.25 

.37 

.00 

36 

.36 

.1.-, 

.26 

,:;i 

+    .01 

41 

.30 

.17 

.28 

°7 

.00 

4i; 

.27 

.19 

,:;n 

.24 

.11 

.■)1 

.27 

.21 

.32 

.25 

.10 

56 

.32 

.2:; 

.35 

.20 

.10 

61 

.:!7 

.25 

.38 

•>.) 

66 

.44 

.2(1 

.42 

.29 

.25 

71 

.46 

.26 

.17 

.32 

.28 

76 

.17 

.24 

.55 

.35 

.:;i 

SI 

.t:; 

.18 

,<;i 

.39 

.:;4 

si; 

.38 

.11 

.70 

.42 

.40 

91 

.31 

.in; 

.Ml 

.45 

.4:; 

96 

.30 

.US 

.91 

.50 

.46 

101 

.36 

.is 

1.07 

.58 

56 

106 

.40 

..",4 

1.15 

.(W! 

.01 

111 

.42 

.51 

1.35 

.72 

.72 

116 

.42 

.68 

1.70 

.SI 

.SI 

121 

1-0  12 

+  0.89 

.,  .j., 

+  1.00 

+  0.92 

If  the  residuals  in  tin1  above  table  were  nearly  constant 
it  would  indicate  the  relative  accuracy  of  the  standard  sys- 
tem and  the  observed  places,  and  that  the  form  of  the  cor- 
rection was  satisfactory.  Assuming  the  accuracy  of  the 
standard  with  which  the  observed  results  were  compared, 
we  should  expect  to  find  in  the  residuals  a  clue  to  the 
validity  of  the  formulas  used  in  computing  that  portion  of 
tin'  systematic  corrections  depending  on  the  values  of  11—  I). 

In  the  data  from  which  the  catalogue  for  1S60  was  de- 
rived the  systematic  corrections  derived  from  the  value  of 
R  —  D  were  computed  for  the  years  1S54  to  1860,  from 
the  formula  a+b  sin  zen.dist.  which  I  have  called  for- 
mula No.  1 . 


An  inspection  of  the  residuals  for  the  catalogue  of  1860, 
in  table  D,  shows  the  consecutive  maxima  and  minima 
+0".01,  +0".36,  +0".27,  +0".47.  +0".30  and  +0".42. 

For  the  catalogue  for  1864,  formula  No.  1  was  used  in 
1S01  and  formula  No.  2  was  used  in  1S02  to  L867.  The 
residuals  vary  between  the  limits  0".00  ,  +0".26  :  +0".06 
and  +0".89.  For  the  catalogue  for  1S72  the  same  formula 
was  used  and  similar  maxima  and  minima  are  found  in  the 
residuals,  but  of  smaller  amplitude.  In  the  catalogue  for 
1880  both  formulas  were  used  with  a  complex  result  the 
maximum  and  minimum  residuals,  in  order,  being  +0".03, 
+0".40,  +0".24  and  +1".00. 

In  the  catalogue  fur  1890,  formula  Xo.  2  was  used  ami  the 
simpler  form  of  residuals  is  found  in  table  I). 

It  seems,  therefore,  that  the  residuals  found  by  comparing 
the  different  catalogues  with  a  standard  system  correspond 
very  closely  with  the  form  of  the  systematic  corrections 
used  in  preparing  the  annual  data  from  which  the  catalogues 
were  prepared.  This  appears  to  indicate  that  the  portion 
of  the  systematic  correction  which  was  derived  from  the 
observed  values  of  R—  1>.  introduced  errors  instead  of  elimi- 
nating them. 

In  order  to  facilitate  the  comparison   between  the  values 


of 


as   finally   used    in   the   annual    data    from 


which  the  Greenwich  Star  Catalogues  were  derived,  and  tin- 
values  computed,  as  already  mentioned,  from  the  data  pub- 
lished in  the  Greenwich  annual  volumes,  the  following 
i abb--,  are  given  to  show  the  results  as  used  and  as  computed 
lor  each  year,  and  also  the  mean  values  for  the  years  used 
in  each  catalogue. 

In  the  case  of  the  computed  results  the  mean  of  the 
values  in  each  group  is  assumed  to  refer,  in  position,  to  the 
mean  of  the  limiting  N.P.D.'s  of  that  group. 

The  limits  of  the  reflection  observations,  for  more  than 
thirty  years,  were  from  about  358°  to  80°  N.P.D. ;  and,  though 
this  range  was  afterward  considerably  extended,  it  was 
deemed  best  for  the  sake  of  uniformity  to  confine  the  in- 
ation  to  those  limits  throughout  the  whole  period, 
from  1851  to  1895. 


'able   E 

(  '  \  1  ALOGUE    I'm:     1  S,  1' 

0. 

Fear 

0° 

10° 

■jo 

30 

40- 

50° 

60" 

7u 

so 

1)0° 

100° 

mi 

120° 

IS  OS 

0.30 

0.29 

0.21 

in  IS 

-t-o.07 

+  0.21' 

+0.34 

+  0.40 

+0.39 

+0.33 

+0.23 

+  0.1  1 

-1  0.07 

1869 

.10 

.00 

.03 

-   .OS 

.24 

.37 

.48 

.5.". 

.52 

.47 

.38 

.20 

.23 

1870 

10 

.00 

.o:; 

+    .OS 

.20 

.32 

.41 

.it; 

.45 

.40 

.33 

.25 

.20 

1871 

.25 

.24 

.10 

-   .08 

+   .04 

.10 

'<  -, 

.;;o 

.20 

.24 

.17 

.00 

r-     .01 

1S72 

.25 

.24 

.20 

.12 

.o.". 

.07 

.13 

.17 

.17 

.13 

.07 

.01 

.03 

1S73 

.15 

.15 

.10 

.01 

+    .10 

+    .20 

.27 

.:;] 

.."1 

.26 

.20 

+    .1  1 

+    .00 

1874 

.33 

.32 

.28 

.20 

-   .10 

-    .01 

.00 

.10 

.no 

.00 

.00 

-    .07 

-    .10 

1875 

.1:; 

.11' 

.09 

.05 

+    .01 

+    .07 

.11 

.13 

.1:; 

.11 

.07 

+    .04 

+    .01 

1876 

-O.I  1 

-0.14 

-0.11 

-0.05 

+  0.01 

+  0.0S 

+  0.1.", 

+  0.15 

+  0.15 

+  0.12 

fo.os 

+  0.04 

+  0.01 

Mean 

-0.19 

-0.19 

-0.14 

-0.05 

+  0.06 

+0.16 

+  0.24 

+  0.28 

+0.28 

+  0.24 

+  0.17 

+  0.10 

+  0.06 

T  1 1  i:     A  s  ['  l;  ( )  N  ( i  M  1  C  A  1.     .1  O  U  UN   \  L  . 
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i es  oi  the  correction 


table  Ej  are  given  tin'  minimi  values  of 


E-D 


as  1  have 


as  computed  and  used  for  the  data  from  which  the      computed  fchem  for  5s  groups  and  also  the  wean  values  for 
Greenwich  9  1>  eai  '  atalogue  for  1872.0  was  derived.     The     the  nine  years.     The  subscript  figures  indicate  the  number 
these   values    for  nine   years  is  also  shown.     In      of  observations  iised. 


Tabu    K 


■>  ear 

858   to  .: 

::    to  B° 

S°  to  13° 

IS   to  tS 

is    to  23 

23°  to  28° 

28°  to  33° 

« 

1868 

0.96 

0.69 

l.i:;, 

(1.17. 

0.3641 

o.oc, 

or,  I 

69 

95 

1.76. 

0.43, 

.06^, 

+    .05.,., 

+    .01., 

+   .52, 

Til 

1.08, 

.  I'.*.,,. 

+    .05,, 

.00s. 

+   .21,, 

+   .20, 

71 

+   .62 , 

0.18, 

..">»;.., 

■'•1... 

.37ro 

.30 

■s;;i.'. 

72 

-    .20  . 

.60; 

.<;:;.,, 

53  _ 

.35 

25 

•17a, 

7:; 

+  .35.. 

0.03 

.17,, 

1  1.. 

'••, 

■274, 

29 

71 

-  .:<»„ 

1.09 

■61H 

■45,, 

■  •",, 

i.;, 

.5<;,„ 

75 

.04,, 

0.44 

-   .36„ 

■39„ 

■  07M 

.33 

+    .7110 

76 

0.07a 

-0.54 

+  0.1314 

-0.34.,, 

-<».  15,, 

"■ '-'•'■.. 

-0.15M 

Mean 

-0.24,,, 

-0.71„ 

-0.4914, 

-0.3330, 

-0.-5,,, 

-0.19*, 

-0.13120 

Year 

li    to  49 

19    to  54 

54    to  59° 

59    to  64 

64    to  69 

69    to  74 

74°  to  79° 

L868 

+0.12: 

+  0.69M 

1-0.78;, 

'  0.3881 

+  0.6SM 

+  0.71,, 

+  1.27, 

69 

_ 

'l" 

■8514 

93 

■"% 

1.35, 

1.7.;, 

70 

.534„ 

.91„ 

.'.I."-.. 

.48. 

1.171S 

1.08, 

71 

.29 

•6941 

••">-,, 

•"''.».-, 

0.31  , 

0.76, 

71' 

•     68 

•18« 

.27,3 

.10,., 

.12,, 

.09H 

1.07  5 

73 

+  .58* 

J',7 

•48„ 

•53M 

..>.»,T 

0.381(i 

71 

-  .(',•;, 

.21M 

•033B 

■11,4 

•26,, 

•12w 

.33.,, 

"•"» 

+    .17.. 

..-.::.,.. 

•25M 

.OS... 

■08« 

.30., 

76 

+  1.64.. 

H.  1N„ 

+  0.46,, 

+  0-10Q4 

+  0.47^ 

+  0.12,, 

+0.37S2 

+  0.33,0 

Mean 

+  0.42,„ 

+0.42„ 

+  0.58.. 

+  0.414-7 

+  0.53200 

+  0.81U9 

l  i      bows      e  correcl  ions  as  computed  and  applied 

i    for   t  be   j  e  trs    used    in    the  ( Jatalogue  for 
[880 


Table   l",   shows  the    corrections  as  computed   from  the 
data  published  in  the  Greenwich  annual  volumes. 


L'abi.i    I       Catalogui    foe   1880.0. 


i'ear 

L877 

0° 

10° 

20° 

iO 

40° 

•  0.02 

:,ii 

60 

70? 

BO 

00° 

100° 

till3 

120° 

0.09 

0.09 

0.07 

-0.03 

•  0.07 

+  0.10 

+  0.12 

+  0.11' 

+  0.10 

-t  0.07 

+  o.ol 

+0.02 

L878 

.25 

.25 

,19 

.10 

.01 

.1  1 

.19 

,23 

23 

.18 

.11' 

.05 

.00 

1879 

.11 

.1  1 

.08 

.02 

.04 

.1  I 

.16 

.18 

.18 

.15 

.11 

.07 

.04 

1880 

.11 

.13 

.09 

.01' 

,08 

.17 

.24 

.27 

''7 

.23 

.18 

.12 

,08 

1881 

.33 

.24 

.16 

.06 

.03 

.13 

22 

.31 

.38 

.15 

.50 

.5  1 

.56 

1 882 

22 

.16 

.09 

.01 

•     .06 

.1  l 

.-.'1 

.28 

.34 

.39 

.11 

.17 

.48 

1883 

.  15 

.:;.'. 

.24 

.12 

.00 

.12 

.24 

.34 

.11 

,52 

.59 

.64 

.67 

1884 

.43 

.34 

.23 

.12 

.01 

.11 

22 

.32 

.11 

.49 

.r,r, 

.60 

.62 

1  VS.", 

,45 

.35 

.24 

.12 

.00 

.12 

.23 

.34 

.11 

.52 

.59 

.63 

.66 

L886 

0.43 

-0.33 

0:10 

+  0.02 

+  0.14 

1  0.25 

+  0.36 

i  0  16 

+  0.54 

+  0.61 

+0.66 
-i  0.38 

+  0.68 

Mean 

-0.29 

-0.24 

0.16 

0.07 

+  0.02 

|  0  !_' 

•  0  2 1 

I  0.28 

•  0  33 

+  0.36 

+  0.38 

+  0.38 
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Table   I",. 


Year 

358    to  3° 

3°  to  8° 

8°  to  13° 

13°  to  1S° 

18°  to  23° 

23   to  28* 

28°  to  :',.". 

1877 

-0.37,, 

-0.34„ 

-  0.13,, 

+  0.11^ 

-   0.27^ 

+  0.02,, 

-0.08,,, 

78 

.62  - 

-    .64,, 

—    .('..")„,. 

"4 

-    -44,2 

f    .ol 

79 

■3417 

i-   .03  - 

.25  . 

.01.,,, 

46„ 

11,, 

+    .05,,, 

80 

.50,,, 

+   -14,:! 

•43le 

.  1  s ... 

■33„ 

.0855 

-    .0:;., 

81 

-    .42,, 

+   .24,, 

.:;4..., 

312, 

-    .443„ 

■35,5 

+    -07,a 

82 

+    .14.,. 

+  0.45,, 

n.4:;r 

.33,, 

+      .IS,, 

.35.,, 

+    -07,, 

83 

-  .35.,.. 

-1.47, 

1-0410 

•73,e 

-   -1718 

-  .21„ 

+   .so,, 

84 

-  -10,, 

0.83 , 

-0.62,, 

•571C 

.23,, 

+      .16,5 

-    .01  „ 

85 

+    -I''',, 

.'•»!,, 

+    05„ 

.64„ 

94,0 

+   .1320 

+   .08  , 

86 

-0.52,, 

-0.2.S,,, 

-0.71It 

-   0.75M 

«M,-J 

1-0.02.,, 

-0.31  , 

Mean 

-0.27193 

-0.37116 

—  0  49 

-0.41,,, 

-0-34305 

-0.12„, 

+-0.07,5, 

Year 

44c  to  49° 

49°  to  54° 

.".4    to  59° 

59°  to  64° 

64°  to  69° 

09°  to  74° 

7  1    to  7'.' 

1877 

— 0.02t 

+  0.19,3 

+  0.42,, 

+  0.246o 

+  0.25„ 

+  0.14,0 

+0."l430 

78 

+    .44., 

.39 

.13M 

.04.,, 

.12M 

•453] 

•35,8 

70 

+    .01, 

.28,, 

■4  3*, 

.37,, 

.35« 

.00., 

0.50,,, 

80 

-    ,40. 

••>-„ 

+  .50.,, 

••"-5,,, 

2<i,, 

.59.,, 

1.05,. 

81 

+  U.I.V 

■15,9 

-    .02.,., 

•60„ 

.43M 

■8339 

0.72„8 

82 

+  1.16., 

.25,, 

-  .oi28 

■4680 

.l."v 

31„ 

.39 

83 

-0.60, 

+   .10,0 

+    .27  - 

.58,3 

-'<>,, 

.07,; 

,2421 

84 

+  2.00, 

-     -'4,, 

-   .02, 

.15,, 

.10, 

■-'-',, 

.27.,v 

85 

+  1.52! 

+    .78, 

+    .70. 

.35,3 

•'•' 

.20., 

(  n.i: 

86 

-0.162 

+  1.I.7,, 

+  0.57  , 

+  0.56,, 

+  0.122, 

+  0.58,, 

0.00,2 

Mean 

+  0.44,, 

+  0.35^ 

+  0.301S2 

+  0.43373 

+  0  22 

+  0.3o310 

+  0.42,,,,, 

Table  G  shows  the  corrections  as  computet]  and  applied 
at  Greenwich,  for  the  rears  used  in  the  catalogue  for  1890. 


Table  <i,  shows  the  corrections  as  computed  from  the^data 
published  in  the  Greenwich  annual  volumes. 


Table  G. 


Year 

0° 

10° 

20° 

30° 

40 

:,o 

00° 

70 

80' 

90° 

100° 

110° 

1 2(  1 

1887 

-0.44 

-0.34 

-0.23 

-0.12 

0.00 

+  0.12 

+  0.24 

+  0.34 

+  0.44 

+  0.52 

+  0.59 

•  0.63 

+0.66 

88 

.46 

.35 

.23 

.10 

+  0.0:: 

.16 

.28 

.40 

.50 

.59 

.67 

72 

.  1 .1 

89 

.43 

.33 

.23 

.11 

+  .01 

.12 

.24 

.34 

.44 

.52 

.58 

.63 

.66 

90 

.36 

.28 

.19 

.10 

.00 

.10 

.19 

.28 

.35 

.42 

.47 

.51 

.54 

91 

_o.:;5 

-0.27 

-0.18 

0.09 

0.00 

+  0.09 

'   II  is 

+  0.27 

+  0.34 

+  0.41 

+  0.46 

■i  (1.50 

+  0.52 

Mean 

-0.41 

-0.31 

-0.21 

-0.10 

+  0.01 

+  0.12 

+  0.23 

+  0.33 

+  0.41 

+  0.49 

4  0.55 

+  0.60 

J +  0.63 

Table  <;,. 


Year 

358°  to  3° 

3°  to  8° 

8    to  13 

1.;    to  18 

18    to  23 

23'  to  2s 

28°  to  33° 

1887 
88 
89 
90 
91 

-0.54,, 
.45,, 
"7 
.49,, 

—  0  22 

"•-'-'28 

-0.50,,. 

•78,s 

■6630 

.51,, 

0.25„ 

0.53,5 
.59,, 

.11  . 
+     23 
-0.50,5 

0.692 

5220 

.5i;„, 

.10M 

-O.34; 

-1.10.,., 
-O.07I 
+   .07,, 
-    -43,8 

-0.48, 

0.5320 

+    .21.,- 

.85. 

-0.29,0 

+  0.20, 

—    .22- 

+    .666 

■  0.60, 

Mean 

-0.39,52 

-0.56,,. 

-0.36,,, 

-0.4410, 

-0.10., 

0  IV 

+  0.1 1 1,,;.' 

Year 

44°  to  49° 

49°  to  54 ° 

.7  4    to  59 

59    to  64 

64°  to  69° 

69°  to  74° 

74    to  7'.» 

1887 
88 
89 
90 
91 

+  0.55, 

-1.69, 
+  0.83, 

+  0.51,, 

111,: 

0.64b 

+  0.25  8 

+  0.48, 
•5810 

.21 
+  0.87  , 

1    0.11 

-    .01.,s 
+    .42..- 

.:;5., 
4-0.21, 

+  0.37,, 
■4030 
.16,, 

.04..., 
+  0.04; 

+  0.26„ 
■20,5 
,23,, 
•21=0 

+  0.20,. 

+  0.76,0 
•75„ 

■3487 

lo.:;i 

Mean 

-0.05,? 

+0.6054? 

+  0.54,,? 

(-0.28,5, 

+  0.20„5 

+0.22,5, 

K>.51w 

- 
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\  easures   had  been  taken  at   Greenwich  to  make 

servations  at  greater  distances  Erorn  the  zenith, 
more  attention  was  given  to  reflected  work  at   the  greater 
zenith  distances,  and  few  or  no  observations  were  made  of 
stars   in   the  two  or  three  groups  near  the  zenith.     This 
change  in  the  plan  of  observing  makes  the  comparison  oi 
<;  and  Gj  less  satisfactory  . 
A  siuily  of  all  the  above  results  derived  from  a  re  coin- 
on  of  the  /.'     V  data  in  the  Greenwich  volumes  from 
[Sol  to  L89  the  conclusion  that,  considering  the 

of  variation  in  the  individual  observations,  the  vari- 
ations in   the  results  in  each   group   are.  generally,   tiol 
■  i  than  would  be  expected  it'  we  were  seeking  a  uni- 
form value   -\  l<      1>  on  each  side  oi  the  zenith. 

A  comparison  of  the  annual   results  from  the  D— It  ob- 
tions  with   the  Washington'  Transit-Circle,  arranged 
em  e  h  liatever  that  the  va  I 
/<     /,'  varied  with  the  zeuith-distance,  and  in  the  final  re- 
«  ith  t  bat   inst  rument  t  hese  values 
\stunt  on  each  side  of  the  zenil  li- 
gation led  to  the  belief  that  the  possible 


tilting  or  sliding  of  the  objective,  the  2>fobable  motion  of 
the  sliding  tube  carrying  the  eye-piece  "I  the  telescope, 
and  the  almost  certain  existence  of  errors  in  the  flexure 
constants  of  the  telescope,  would,  altogether,  account  for 
the  difference  in  the  mean  values  of  D—R  north  and  south 
of  the  zenith. 

This  conclusion  was  strengthened  by  the  fact  that  these 
annual  differences  between  the  north  and  south  values  were 
almost  constant.  The  actual  mean  value  of  these  differ- 
ences, for  the  Washington  instrument,  for  21  years  was, 
0".73  ±0 ".04. 

It.  in  discussing  the  Greenwich  observations  of  R—D, 
we  assume  that  the  results,  in  the  foregoing  tables  E„  !■', 
and  <;,.  do  not  vary  with  the  zenith  distance,  then  we  may 
lie  methods  employed  with  the  Washington  observa- 
tions and  take  the  mean  of  the  results  on  each  side  of  the 
zenith. 

This  will  give  a  constant  value  north  of  the  zenith. 
R—Dn,  and  one  south  of  the  zenith,  R — D„  in  each  year. 

These  annual  values,  together  with  their  differences, 
from  1851  to  1.893,  are  given  in  table  II. 


I. Sol 

1  852 

Is;,:; 
1 85 1 
1 855 
1856 

is.-,: 

1 858 
1859 
18(50 
1861 


Mean 

/.'-//„ 


.-.'4 
.21 
.11' 
.1  I 
.20 
.15 
.21 
.37 
.L'o 
+  0.20 


li     D 


I:     b..  i 


+  0.20 
.26 


02 
.1(1 
.10 

.11'  .26 
.28 

.13  .28 

.04  .I'.". 

00  .37 

.02  .22 

0.20  +0.40 


"i  ear 

Mean 
/.■—/>„ 

1862 

+  0.26 

1863 

29 

L864 

+  .-- 

1866 

-    .16 

1867 

.11 

1868 

-  .11 

L869 

+  .03 

1870 

+  .04 

1871  -  .13 

1872    .12 

is::;  —0.05 

Mean      I  //      D„) 

II— 1),     -i  l;    D.) 


-0.14 
.24 
.06 

+  .36 
.28 
in 
53 
.45 
.31 
.21 

+  0.33 


+  0. 


:.i 


0.38 


rear 

.Mean 
II— D„ 

Mean 
It-  /'. 

1S7I 

-0.23 

+  0.12 

is:.-. 

.04 

.18 

L876 

.(it 

.19 

1877 

.01 

.17 

1S7S 

.12 

.25 

1879 

.02 

22 

tsso 

.03 

.30 

1881 

.10 

.29 

1 882 

+  .12 

.L'O 

1883 

-o.lo 

+  0.17 

Year 

0.35 

1 88  1 

.22 

1885 

.23 

L886 

.18 

1SS7 

..'!7 

1  SSS 

.24 

1889 

..'!.'! 

1890 

.39 

IS91 

.08 

1892 

-0.27 

ISO.", 

Mean 

Moan 

l!—l)„ 

/.'  -B, 

-0.0(1 

+  0.14 

.12 

25 

.15 

27 

.L'4 

.30 

.09 

.28 

.12 

22 

.10 

.l'ii 

.10 

.17 

.06 
-0.12 


+  o  33 


.//     In 

-o'.L'O 
.37 
.42 
.54 
.38 
.34 
.30 
.27 
.39 

-0.45 


The  mean  of  (i?     /'         i  R     D.)  in  each  of  I  he  above 

m    1851  to  1864,    *  0".3O ;    iron,  L866 

79,  -0".36;    and  from  1880  to  1893,       0".34. 

\^  be  Transit    Circle  was  dismounted 

and  the  cube  perforated  in  1865,  after  which  the  signs  of 

the  mi  of   R     I'  north   and   south  of  the   zenith 

were  changed  but  the  m  >i    these  values  remained, 

apparet  une  as   before.     Consequently  the  diffei 

ll—I>,)  —  [i:     /' i    for   12  years  may  be  discussed 

together  without  regard  to  the  signs  of  the  quantities;  and 

we  find  the   mean  value  o£(R  —  Dn)—  (R— !>,), from  L851 

to  1893,  i-  0".334  ±0*\011. 

The  above  treatment  <>t  the  data  in  the  Greenwich  vol- 

rom  1851  to  1893  leads  to  the  following  conclusions: 
1.     There  seems  to  be   no  evidence  thai   the  values  ol 
/,'     /'.  either  north  or  south  ol   the  zenith,  vary  according 
to  the  zenith  distance. 

Andover,    \.ll..  1900,    March   12. 


2.  The  range  in  the  mean  values  of  li  D,  in  the 
various  5°  groups,  is  apparently  no  greater  than  would  he 
expected  from  the  character  of  the  observations. 

.'!.  The  small  range  in  the  annual  values  of  (/,'—/>„)  — 
i  I:  /',)  as  shown  in  Table  II.  and  also  by  the  probable 
error  of  the  mean,  indicates  the  ■probability  of  a  constant 
error  in  the  observations  oi  reductions,  or  in  both,  on  both 
sides  of   t  he  zenith. 

The  non-reversible  pattern  of  the  Greenwich  Transit 
Circle  prevents  an  exhaustive  discussion  of  some  of  the 
points  raised  in  this  paper. 

An  incomplete  discussion  of  the  latitude  of  Greenwich, 

using    the  data    derived   in  this  paper    tor   the   correction  of 

the  observed  north-polar  distances  of  circumpolar  stars, 
gives,  for  the  years  1877  to  1891,  more  accordant  correc- 
tions to  the  assumed  latitude  than  those  published  in  the 
( ;ieenw  ich  \  olumes  for  that  period. 


I '  1 1  \  ■['  E  \  T  a  ■ 
Systematic  Corrections   ro  Observed  Noktii-Poi.ar  Distances  Deduced  from  Reflection  Observations  a-i  Greenwich, 
by  -I.   R.   Eastman. 
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NOTES   ON   VARIABLE   STARS, 

By    HENPY    M.    PAKKHTJRST. 

T  Saglttae.  During  seven  months  of  observation,  the 
fluctuation  from  the  mean  magnitude  continued  small  and 
irregular,  while  there  were  nearly  equal  fluctuations  in  the 
comparison-stars.  I  found  no  tendency  to  a  regular  period, 
or  to  a  decided  maximum  or  minimum. 

RZ  Oygrd.  From  the  observations  of  J.  A.  Pabkhubst 
I  deduce  the  provisional  epoch,  4342,  with  a  period  of  563 
■days,  with  which  the  comparisons  are  made,  although  there 
appeared  to  be  intermediate  fainter  maxima. 


No.  32, 


To  the  following  new  variables  I  assign  provisional  num- 
bers for  typographic  convenience : 

[7040]  Anderson's  variable  in  Aquila;  A.N".  Dec.  1897. 

[7244]  DM.  +  15°40S2;  A.J.  464. 

[7597]  Babmabd's  variable;  A.J. 456,  474. 

[7657]  Anderson's  variable  in  Pegasus  ;  A.J.  45 


473. 


Results  of  Observations. 


Observed  Date 

No. 

Star 

Phase 

Julian 

i  lalendar 

E 

Corr. 

W 

Mag. 

Factors 

Remarks 

6905 

R  Sagittarii 

a  I  ax. 

4896 

1899 

Aug.  29 

45 

-13 

2 

7.4 

d 

Possibly  earlier 

6921 

S  Sagittarii 

Max. 

483S 

July    2 

52 

-23 

2 

9.8 

_         _         _ 

Perhaps  earlier 

6923 

Z  Sagittarii 

Max. 

4929 

Oct.      1 

9 

-    4 

4 

9.94 

0.37  0.67     S 

A  faint  maximum 

6943 

T  Sagittae 

Max. 

4527 

Aug.  25 

28 

- 

E 

_ 

_        _        _ 

1S9S;  see  note  above 

a 

" 

Max. 

4857 

July  21 

30 

- 

E 

_ 

_        _ 

1S99 

[7010] 

—  Aquilae 

Max. 

4835 

June  29 

11 

-15 

3 

6.7 

_        _        _ 

Mean  of  two  bright  obsns. 

7118 

X  Aquilae 

Min. 

L952 

Oct.   24 

7 

- 

E 

_ 

_        _        _ 

7 1 55 

IiJ,'  Aquilae 

Max. 

4005 

Sept.    7 

4 

-83 

6 

- 

_        _        _ 

7162 

RS  Aquilae 

Min. 

4800: 

June 

Period  probably  400''+ 

7234 

//  <  'apricorni 

Max. 

4847 

July  11 

42 

-33 

2 

9.0 

_ 

Earlier?  unusually  bright 

[7244] 

—  Aquilae 

Max. 

4837.6 

July     1 

32 

-  2.8 

2 

8.32 

_        _        _ 

Elements,  A.J.  404 

n 

" 

Max. 

1846.6 

July  10 

33 

-1.7 

5 

8.27 

_        _        _ 

45S7.60  +  7.90E 

" 

« 

Max. 

4870.6 

Aug.    3 

36 

-1.4 

7 

8.57 

0.28  0.31     6 

Period  7.87d 

u 

" 

Max. 

4918.7 

Sept.  20 

42 

-0.7 

8 

8.35 

0.21    0.20     0 

7260 

Z  Aquilae 

Max. 

4911 

Sept.  13 

14 

-26 

5 

S.72 

_ 

7201 

R  Delphin  i 

Min. 

4875 

Aug.    8 

44 

-12 

2 

- 

_        _     •   _ 

Probably  earlier 

7435 

Y  Aquarii 

Max. 

4849 

July  13 

- 

- 

7 

9.1 

_ 

370"  ? 

7448 

IT  Aquarii 

Max. 

is  IS 

July  12 

10 

+  94 

6 

10.27 

0.56  1.26  33 

7455 

1 '  ( 'apricorni 

Max. 

4950 

Oct.   22 

76 

+   3 

2 

_ 

_        _        _ 

74  58 

1"  I>:1  ji]i 'mi 

Max. 

4927 

Sept.  29 

- 

- 

7 

- 

_ 

Period  probably  5401 

7  102 

l:  Z  ( 'ygni 

Max. 

3791 

Aug.  19 

-1 

+  12 

2 

- 

_ 

1896;  see  note  above 

tt 

Si 

Min. 

391S 

Dec,  24 

_ 

- 

1 

_ 

_        _ 

1896 

a 

u 

Min. 

1230 

Nov.     1 

-> 

- 

1 

_ 

_        _        _ 

1897 

« 

it 

Max. 

4883 

Aug.  16 

+  1 

—  22 

1 

_ 

_        _        _ 

1899 

7502 

X  Delphini 

Max. 

4837 

July    1 

1 

0 

8 

8.47 

0.64  1.07  13 

My  approx.  period  of  282* 

7577 

X  <  'apricorni 

Max. 

lo::; 

Nov.  11 

54 

- 

E 

- 

_ 

7590 

Z  Capricorni 

Max. 

4952 

Oct.   24 

4 

-142 

3 

- 

_       _ 

—22,  period  A.J.&72 

[7597] 

—  Aquarii 

Max. 

4896 

Aug.  29 

- 

- 

7 

- 

_ 

Uncertain.     A.J.  457 

[7657] 

—  Pegasi 

Max. 

4918 

Sept.  20 

1 

+  3 

8 

S.75 

0.90  1.18  26 

Comp.  with  period  L'i  1 1 

7896 

V  Pegasi 

Max. 

4872 

Aug.    5 

5 

-14 

5 

8.6 

-        -        - 

Elements.  A.J.  464 

(9) 


1" 
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6905   /.'  Sagittarii. 

nued  from  456.) 
Julian      Calendar 

1896.6  i.ug.29  7.1 

ism;;,  30  r.78 

1905.5  Sept.    i  5.01a 

1910.5  12  7. sf,, 

1913.5  17>  (-80, 

IMls:.  20  7.  «.»•.'.. 

1932.5  Oct.      1  8.55. 

6921    S  Sagittarii. 

Continued  from  425.) 

.337.6  duly     1  10.0 
t838.6              2       9.83, 
L843.6              7       9.94 

1846.6  L0  10.61. 
l866.6           30  10.49, 

6923  Z  Sagittarii. 

■  ..,,,  t  6  I  omp  • 
1898 

1926.5  Sept.28 


l\hi\im    u     I  >BS1  i.'\  vi'ihn- 
Includlne  Observation    l>j    Irthi  r  I 
6943  T Sagittae. -Cont.       I  7'.M  I 


Julian    Calendar 


L933J 
t935.i 

I'.l  IS., 


Oct. 


492' 
1929.5  Oct. 
1932.5 
1935.5 
1949.5 


29 

1 

I 

21 


10.0 

I  I  I.I  IS 

9.94, 
10.15, 
10.202 
10.39, 


20 
r040]   —Aquilat 

1891 

!78.5   Dec.  19 
178.5  19 

L545.5  Sept.  12 
1572.5  Oct.     9 

1605.5  Nov.  1 1 

4827.6  June  21 
1829.6  23 
-is:;:;.*;  27 

1837.6  July  1 
4838.6  2 

1839.6 

L840.6  4 

1843.6 

1854.6 


Mag. 

1     .,, 

Julian 

8.97s 

8.58„ 

1837.6 

8  98 

1838.6 

1838.6 

1839.6 

1839.6 

9.4 
9.8f 

is  in. i; 

8.8 

1843.6 

to.o 

isi  i.o 

9.3 

1845.6 

1846.6 

7.27. 

4847.6 

7.024 

4850.7 

I    I  nun   164 

Calendar       Mai 


6943    T  Sagittae. 


1481.6  • 
1547.6  - 
1573.5  Oct.    1" 
1597.5  Nov.    3 

1609.5  17> 
4610.5  16 

■ 

July    '-' 

1844.6  8 

1867.7  31 
1873.6 

1892.5  25 

1897.6 


8.5p 
8.7p 
9.0p 
8.4p 

9.  Or 
8.70 


is 


1911  5    - 


1912.5 

1913.5 

1914.5 

1915.5 

1918.5 

1919.5 

1921.5 

1922.5 

1924.5 

1925.5 

1926.5 

1927.5 

1928.5 

1929.5  Oct. 

1930.5 

1931.5 

1932.5 


1  1 
L5 
L6 
17 
20 
21 
23 
24 
26 
'.'7 
28 
29 
30 
1 
•_> 

3 

1 


8.9) 

8.7;p 

8  9p 

S.9p 

9.8 

8.9p 

8.72 

8.84 

9.02, 

8.95s 

9.17..: 

8  s:;. 

8.34, 
8.37 
8.85. 

s.ll 
8.57, 
8.51, 

S.M.. 
8  57 
8.42s 
-  7^ 
9.15 


7118   X  Aquilae. 

i  onl  1 1  .'i.i  12S  i  omp  Stai    33 

1899 

4882.6  An-.  15       L2.7 
4910.6  Sept.  12  to 

4956.5  Oct.   28     12.7] 
4  dates 

717..".   RR  Aquilae. 

i  ont.from464.  Comp  Stars393 

1899 

1854.6  July  18 

4880.6  An-.  13 
1895.5  28 
4910.5  Sept.  12 


7.85, 

7  63,  1867.6 
7  95  1868.6  An 
7.09..  1870.6 
6.70,  4871.6 
7.98s  1872.6 
8.25,  4873.6 
1874.6 
4875.6 


July    1 


luly  7 
8 
9 
in 
11 
14 

My  31 
1 


Pl  i:m 

7535    )'  Aquarii. 

.  . .iiiniii.-, I  from  164.) 
Julian    Calendar       Mag 


L883.6   An- 
1884.5 


16 
17 


4914.5  Sept.  16 
17 


L913.5 
1919.5 
1924  5 
1925.5 
1933.5 
1949.5 
1953.5 


Oct. 


15 

•.'1 
26 


21 


L0.0] 
9.63, 
9.56, 
9.372 

9.70., 
9.33J 

10.00., 

10.14, 

10.22 


1915.5 
1918.5 

4919..". 

1920.0 


20 
21 


8.32a 

s.  17, 
8.6p 

s.cs 
8.7p 
8.6p 

9.014; 

S.Si- 

8.57, 
8.27 
8.43. 
8.66! 

8.93, 
8.96i 

8. .,7' 

S.7S. 

8.9 

9.05, 

9.05.J 

9.0p 

9.24,, 
8.G7J 

9.2-1., 
9.12, 
8.35, 
8.45, 
8.64 


10 

1  l 


is  me.  July  4 

1843.6  7 

L846.6 

1850.7 

1867.6  31 

1882.6  An-  L5 

1910.5  Sept.  L2 

1921.6  23 
1931.5  Oct.  3 

19  19.7.  21 


7I9'J  UZ  Cygni. 
Julian    Calendar 


1896 


3859.5  Oct. 

3897.5    Dee. 

39  is.  7. 


9.90., 

L0.39,  n 

lo.o::" 
ll.l 


7  1  is    II*  Aquarii. 

i  . .in  1 1. ii.'< I  from  425.) 

1898 

1 181.6  July  10  to 
1605.5  Nov.  1 1     13] 

4  dates 


is  K i.O  Jul) 

1843.6 

4846.6 

1850.7 

1867.6 

1882.6 

1910.7. 


4965.5  Nov.    6       8.9p 


10 

14 
31 
15 

Sept.  12 


Air. 


9.3 

9.i:;„ 

9.1  I. 

gg52  3930.5  dm 
9  ((;L  3948.5  23 

,',',,.,'-'  4052.6   May     7 
"4074.6  29 

dune  27 
U38.7  Aug.  1 
4165.6  28 

4215.5  Oct.  17 
4253.5  Nov.  24 
4283.5  Dec.  24 

I  Mis 

17,79.0  Oct.  16 
4605.5  Nov.  11 

4639.5  Dee.  15 

1899 

4864.6  July  2S 
4875.6  Aug.  8 
4883.6  10 
4931.5  Oct.  3 
4947.0  19 


10.9 

lo.OL 

10.06" 

10.22] 

10.84 

11.20 

12] 


Cont. 

MaS. 

10.9 

11.2 

1 1  .2  i 

11.7, 

11.:: 
1 1. it 

11.0 

ll.o 
12.0 

\-j.r, 

13.0] 
13.0] 
11.7 

12  2 
11.5 
12.0 

lo.o::.. 
10.282 
L0.43, 
10.95; 
11.01, 


7455 


U  Capricomi 

Continued  from  425.) 

1899 

1882.6  Aug.  15 

1926.5  Sept.28 

1928.6  30 
1938.5  Oct.  10 
4947.5  19 
4956.5  28 


11.7] 
11.7 


502  X  Delphini. 

(Cont.from  464.  Comp. Stars  438) 

1899 

1:829.6  dune 23 
1833.6  27 

4837.6  dulv    1 


11.72.,  4838.0 


11.7 

11.07., 

11.14, 


7200  /,  Aquilae. 

i  oi  '  n 464  I  omp  Stai-8393 


4837.6  duly    1 

_  ,4840.0  4 

|U  Jgs  1880.6   An--  13 

M,H)'J  1903.6  Sep1 


7102   ES  Aquilae. 

i  i 164  i  i-  3tai  -  ''-I 

99 

1 S 1  7.7   dune   1  1   to 
1949.5   Oct.     21      13] 
1 1  data  - 

72.",  1    /.'  Capricomi. 


490S.7, 
1911.7. 
1911.7. 
1919.0 
191' 1.7, 
4928.5 
1928.6 
1933.5 
1940.5 


1847.6  Jul;    l  l 


1850.6 
1867.6 
1867.7 

1882.6 
1897.6 


9.0 
10. SI  I, 

11.13, 

11.1  r 
11.li- 

11.10 


i  let. 


12] 

12] 

11: 
9.2 
8.82 
8.72, 
8. 
S.91,. 
9.19, 
9.99. 
9.1 
9.9  1 

10.0] 


7458    V  Delphin 

l  onl  from393  I  omp  star-ail, 

1-'.,:' 

1882.6  An-.  15 
17,07.. 0  Sept 


Oct. 


7261    B  Delphini. 

nned  from  4C4.) 


1902.6  Sept.  4 


is  lo.o  Jul)     I  13] 

1868.6  An-.    1  13] 

ll.lp"  4910.6  Sept.  12  12.1 

11  24,  1920.6  22  11.80 


4911.6 
1912.6 

19 17.. 7. 
1919.7. 
1927.. 7, 
4928.5 
192S.0 
L935.5 
19  19.7. 

1965.5 

7  19 

(Continued  from  372.) 

06 

3711.7  Ma)  31 
3742.6  Jul)  1 
3755.6  1  I 

3759.6  18 

3777.6  Aug.  I 
3810.6  Sept.    7 


13 

14 
17 
21 
27 
30 
30 

21 

o 


Nov 

2   EZ  Cygni 


9.5 

8.24. 

s.::o, 

7.7,9 
7.97. 
7.S7 
7.66, 
7.8p 

8.0Q, 

7.92, 
8.3p 


4839.6 

1843.6 

1845.6 

4854.6 

1867.7 

1873.6  Aug. 

4882.6 

4897.6 

1 907,. 7-   Nov. 


8.80, 
8.8;\, 
8.15, 
8.66, 

8.41 ; 

9.35,; 
8.65, 
8.97, 
8.51, 

9.9  r 
9.9 

ll.OP 

12]p 


7,,  ,    X  t  'apricorni. 
(Continued  from  4011,1 


1931.5  Oct.     3 
4949.5  21 


13] 
13] 


12.0 

1 1 .:: 
11.2 
10.7 
10.9 

10.9 


'590  Z  Capricomi. 

(Cont.from  464. Comp  Stars3"2) 
L899 

1882.6  Aug.  15 

1926.5  Sept.28 
1927.5  29 

4929.5  Oct.     1 


L935.5 
1938.5 

I'.l  1 7.7. 
I'.l  IS. 7. 

1953.5 


12.8] 
1  1.9 
10.51.,; 

10.0,1.. 

1U..V.'.. 

10.16, 
9.90, 
9.42, 

9.10., 
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[7597]    — Aquarii. 

[7597 

Aquarii.  —  Cont. 

[7657]   - 

Pegasi. 

[7657]  Pegasi. 

-C 

ont. 

7896     V  Pegasi.  —  Cont. 

Julian     Calendar 

Mag. 

Julian 

Calendar       Mag. 

Julian 

Calendar 

Mag. 

Julian     Calendai 

Mag. 

Julian     Calendar        Mai;. 

1835.7  June29 

11.0 

L910.S 

SepTl2       O.ss 

4911.5 

Sept. 

13 

9.032 

l'.i:;i  :,  Oct!"  3 

9.18., 

4867.7  July's!       8.61.. 
4883.6  Aug.  16       9.16.", 

4846.(5  .July  10 

10.2 

4921.1 

23      10.46.". 

4912.6 

14 

8.92." 

4938.5           10 

I.252 

4  850. 7             14 

10.90, 

4931.: 

Oct.     3     10.62„" 

491  r,.r, 

17 

8.752 

4947.5             19 

9.862 

4892.6            25       9.46.; 

4807.6             31 

111.46 

1949.5 

21     12] 

4919.5 

21 

8.71, 

7896    C?f 

rast 

1895.5           28       9.92; 

4882.6  Aug.  15 

9.89 

191' 5. 5 

27 

8.70., 

(Continued  froi 
1899 

1  4fi4.) 

t905.6  Sept.  7       9.8p 

1 

ISO6.7  July  30 

8.87 

4984.6  Nov.  25     11.4:p 

COMPAKISO* 

-Stabs, 

Ism;;   1899. 

[7040]  -  . 

quilae. 

7435    Y  Aq  uarii. 

7155    U  Capricomi. 

7458    V  Delphini. 

Star            DM. 

Mag.             n 

Star            DM. 

Mag. 

n 

Star         DM.             Mag. 

X 

Star 

DM.             Mag.        „ 

ID     +H°3906 

5.72         5 

Q     -  1  5236 

8.48 

3 

N 

-  15  5796       8.29 

1 

R 

+18°4611       8,11     12 

1     +  11°3901 

7.35         6 

1 Q     _5°5364 

8.26 

12 

Q 

-15°5801       9.03 

1 

S 

+  18°4619       8.60     19 

J     +  11°3S93 

7.34         5 

IE     -5°5355 

8.62 

15 

X 

-15°5797     10.09 

_'.' 1 

T 

+  18°4618       9.03     25 

S     +1T3916 

8.29       12 

S     -  5°5258 

8.63 

16 

b 

1«4/       N    10.90 

12 

2T 

+  18°4610       8.63       4 

W     +11°3922 

9.20       10 

IT     -4°5242 

8.76 

6 

6 

2n8p       N    11.71 

10 

U 

+  18°4614       9.51     111 

111'     +11°3923 

8.91          2 

W    —  5°5360 

9.52 

l(i 

.'/ 

2n2f       X     11.74 

14 

W 

+  18°4617      8.95     29 

2W    +11°3918 

8.71          2 

X     -5°5363 

9.93 

12 

h 

lp             e     12.04 

3 

e 

ln2f        h      10.73       2 

Y     +11°3921 

9.44       12 

Y     —  5° 53 5 7 

9.89 

20 

./' 

2/,             r     12.61 

2 

f 

L2/          T    10.75       -J 

Z     +11°3919 

9.24         2 

a     3s4=p        S 

10.69 

3 

k 

2n4p       N     12.27 

2 

g 

4w2/        S     11.00       3 

n     2n&f       Z 

10.27 

- 

f     10s2/     S 

11.53 

1 

I 

5m            N     12.43 

1 

h 

1«1/        g     11.28       3 

MAXIMA   AND  MINIMA   OF  LONG-PERIOD   VARIABLES, 

By  J.  A.  PARKHUKST. 


The  observations  giving  the  following  results  were  made, 
unless  otherwise  stated,  with  the  6-inch  reflector;  also,  ex- 
cept as  stated  to  the  contrary,  the  stars  are  continuously 
followed  through  the  year. 

267.  7"  Andromedae. 
After  the  maximum  reported  in  A.J.  458  this  star  fell  to 
llM.l,  1899  Mar.  13,  then  was  not  seen  till  July  29,  at  10M.5, 
after  which  it  rose  to  9".l  in  September,  and  fell  to  12M.5 
the  last  of  December.  A  minimum  is  roughly  indicated 
•early  in  June,  and  a  well-defined  maximum,  at  9M.l,  is  fixed 
for  1899  Sept.  20.  There  are  eighteen  observations  between 
the  above  limits. 

67S.  U  Perse!. 
Following  the  series  in  A.J.  465,  there  was  the  usual  halt 
in  the  rise  a  month  before  maximum,  then  a  rise  to  6M.9 
1899  July  26).  If  the  curve  is  smoothed  out,  the  maximum 
becomes  July  21,  at  7*.l.  Then  followed  a  steady  decline 
to  a  minimum  at  11M.6,  Dec.  23,  and  a  rise  to  8M.7  by  1900 
March  12.  These  changes  are  covered  by  23  observa- 
tions. 

2376.  S  Lyncis. 
Since  the  minimum  reported  in  A.J. 465  I  have  19  obser- 
vations, giving  a  well-defined  maximum  at  9M.4,  1899  July 
18,  and  a  minimum,  at  about  13",  suggested  for  the  middle 
of  December  1899.  At  the  last  comparison,  1900  March  13, 
it  had  risen  to  10M.0.  The  variable  was  indistinguishable 
from  its  12M.5  companion  from  1899  Oct.  23  to  1900  Jan.  8. 


5601.  S  Ursae  minoris. 
I  have  23  observations  of  this  star  since  the  report  in 
A.J.  465.  covering  the  time  from  1899  June  12  to  1900 
March  13.  They  give  a  maximum  at  7". 9,  1899  Aug.  15, 
and  a  minimum  at  11 M. 3,  1900  Jan.  13.  Indications  of  a 
'■  stand-still"  about  two  months  before  the  highest  point, 
are  found  in  this  and  in  two  previous  maxima,  but  are 
wanting  in  two  other  maxima. 

5798.     BU  Herculis. 

The  maximum  of  1899  is  covered  by  26  observations. 
between  1899  March  19  and  1900  Jan.  8.  The  rise  was 
rapid,  with  some  fluctuations,  from  11NI  to  the  maximum  at 
7M.0  June  24,  followed  by  a  slower  and  more  regular  de- 
cline to  11". 8  at  the  last  mentioned  date.  At  maximum  it 
was  0M.l  brighter,  to  my  eye,  than  +25°3039,  which  is 
7".l  in  the  DM.  and  in  Graham's  Cambridge  (Eng.)  Astr. 
Gesell.  <  'atalogue. 

6894.  S  Lyrae. 
The  present  series  began  1899  March  22,  with  the  vari- 
able not  seen,  limit  12". 5.  It  was  found  April  21  at  12M.3, 
and  has  been  followed  till  the  present  time.  The  result  of 
23  observations  gives  a  well  determined  maximum  1899 
July  7,  at  about  10M.5.  The  decline  was  slow  and  steady 
till  the  last  comparison,  1900  March  22,  made  with  the 
40-inch  Yerkes  refractor,  showed  it  to  be  about  15M.  The 
only  break  in  the  series  since  May  1897  was  for  the  three 
months  between  1899  Nov.  22  and  1900  Feb.  24.  No  inter- 
mediate maxima  have  been  observed. 
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7502.     X  /'.//■ 
After  the  maximum  reported  in   A.J.  158  there   was  a 
break  in  the  series  from  L899  Jan.  27  to  April  L6;  on  both 
variable  was  invisible,  limit  ll*.5.     May 
in  it  was  found  a1  L0M.8;  then  follow  16  observations,  end- 
ing Nov.  27.     The  curve  suggests  a  minimum,  below  13M 
within  15  days  of  1899  March  I,  and  shows  a   well  deter- 
mined maximum,  8".5,  1899  June  23.      The  decline  was 
y,  slower  than  the  rise,  reaching  t2a.8at  the  last  com- 
parison. 

Ceraski's  Variable  in   Cepheus. 

R.A.  =l'1»'  3     38'.5     ;     Decl.  -  -  +-S2C  39'  50».3    (1900). 
In  continuation  of  the  report  in  A.J.  475,  this  star  slowly 
from  a  maximum   1899  Oct.  1    (or  a   week  or  two 
earliei  o  about  L4M  at  the  last  comparison,  1900 

March  22.  1  have  20  observations  between  these  dates, 
those  since  1900  Jan.  4  being  made  with  the  12  ami  40-inch 
Xerkes  telescopes.  The  DM.  numbers  of  the  comparison- 
stars  given  in  A.J.  475  should  evidently  be  +  82°635  6, 
instead  of  +32°635-6. 

A   comparison  with  the   light-curve   observed    in    1S9S 
186  days  as  a  firsl  approximation  to  the  period.     This 
is  derived  from  the  intervals  between  the  times  of  passing 
12"  and  13*  on  the  decline. 

7896.      VPegasi. 

In  continuation  of  the  series  reported  in  A.J.  458,  this 
variable  was  not  seen,  limit  12". 0,  1899  Jan.  27  and  April 
16  :  and  was  below  12"..")  May  10.  It  then  rose  rapidly  to 
a  fairly  well-defined  maximum  at  7".S,  1899  July  16,  and 
then  fell  more  slowly  to  about  13"  when  last  seen,  Nov.  27. 
The  curve  suggests  a  minimum  fainter  than  13"  within  20 
days  of  1899  April  1.     There  are  18  observations. 


(5481).     — Librae,     ill  Catalogue.) 
R.A.     :  1.V'  11-"  !.->»     ;     Decl.  =+2    36'.9     (1855). 
This  star  is  No.  12  on  Professor  Pickering's  photogi 
of  the  cluster  Messier  5.      1  have  21  observations  between 
June  and  October  I  Vis  and  2S  between  June  and  Septem- 
ber 1899,  giving 


Max 

M  A 

Minima 

Date 

Mag. 

Wt. 

Date 

Mag. 

Wt 

1898  duly  21 

9.8 

6 

1898  July  17 

11.8  ± 

1 

Aug.  16 

9.8 

8 

Aug.  12 

12.0 

4 

1899  June  21 

9.4 

7 

1899  June  1  1 

11.8 

3 

July  18 

9.6 

2 

July  12 

11.8 

5 

Aug.  11 

9.6 

3 

Aug.     7 

11.8 

3 

Sept.     2 

11.6 

5 

The  characteristics  of  the  curve  were  found  to  be  — 
a  quick  rise  to  maximum,  the  value  of  31— m  being  5.2 
days,  20%  of  the  period ;  a  halt  in  the  decline  amounting 
to  nearly  or  quite  a  secondary  maximum,  about  9  days 
after  the  principal,  then  a  slower  decline  to  a  sharply 
defined  minimum.  It  seems,  therefore,  to  be  either  of  th  e 
o  <'>■/, hi-'t  or  ,)  Ai/nihir  type,  and  distinct  from  the  fainter 
variables  in  the  cluster,  which  remain  constant  in  light  at 
minimum  for  the  greater  part  of  their  period. 

The  mean  interval  between  the  successive  maxima  and 
successive  minima  of  the  two  years,  taken  separately,  is 
26.2  days.  From  the  two  best  determined  maxima  of  the 
different  years,  1S98  Aug.  16  and  1899  June  21,  assuming 
12  periods  to  have  elapsed,  the  value  of  the  period  becomes 
25.8  days.  From  the  two  best  minima,  1898  Aug.  12  and 
1899  Sept.  2,  (15P)  the  value  is  25.7  days.  The  observa- 
tions in  1898  were  made  with  12  and  those  of  1899  with  6 
inches  aperture.  The  comparisons  with  6-inches  were 
difficult  on  account  of  the  background  formed  by  the  out- 
liers of  the  group ;  those  with  the  12-inch  were  uncertain 
near  maximum  from  the  distance  of  the  comparison-stars. 


FILAR-MICROMETER  MEASURES  OF  THE  POSITION  OF  THE  STAR  DM.-f  37°4131 

FOR  PARALLAX, 

MADE    WITH    TnE   40-INCH    REFRACTOR    OF   THE   YERKES    OBSERVATORY, 

BARNARD. 

I>M.  +37°4131  has  no  sensible  proper  motion,  from  obser- 
vations extending  over  nearly  three-fourths  of  a  century. 

The  small  magnitude  of  the  star,  and  the  absence  of 
proper  motion,  would  rather  militate  against  its  being  near 
to  us. 

Examining  this  object  last  fall  with  the  40-inch,  it  was 
seen  to  be  excellently  placed  for  micrometrical  measurement 
with  reference  to  four  small  stars,  whose  position-angles 
were  36°,  137°,  155  and  265°.  A  series  of  measures  was 
made  of  these  stars  I'm   the  parallax  of  +37°4131. 

An  absence  of  three  months  from  the  observatory  pre- 


By  E.  E. 

In  measuring  the  parallax  of  61  Cygni  with  the  Gottin- 

gen  heliomel  or  Schue   found   one  of  his  four 

comparison-stars  (star  a)  had  a  larger  parallax   than  61 

about  0".6.   This  -tar  he  identified  as  DM.  +  37°4131, 

which  is  of  the  7".8,  and  whose  position  for 

1855.0  =   2Q5Zzi.l     +37  22.1 
L! .0  -  20  55  20        +:;7  32.5 

Professor  Si  hi  r's  paper  on  the  subject  will  be  found  in 

1590.     Li    '  lis  article,  in  The  Observ- 

■         er,  1899,  Mr.  Crommeuh  shows  that  this 
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vented  the  objects  being  kept  continuously  under  obser- 
vation. Three  nights'  measures  have  been  made  this  spring, 
however,  and  they  seem  to  indicate  that  the  star  certainly 
has  no  such  large  parallax,  and  probably  has  no  sensible 
parallax  at  all. 

Professor  Schuk  calls  attention  to  the  fact  that  the  line 
of  maximum  parallax  lies  in  position-angle  62°.5.  In  the 
observations  made  with  the  40-inch  it  will  be  seen  that 
the  stars  A  and  D  should  show  a  large  displacement  in  their 
distances  (something  like  1"),  and  that  stars  B  and  C  should 
measurably  change  their  position-angles  (by  a  couple  of 
degrees)  in  the  two  sets  of  measures.  From  the  observa- 
tions it  is  apparent  that  no  such  change  has  occurred  in  the 
relative  positions  of  any  of  the  stars. 

Following  are  the  measures  so  far  obtained.  The  results 
are  such  that  it  would  seem  useless  to  continue  the  obser- 
vations. 

DM.  +  37°4131  and  Star  A  (12M  l 


1899  Oct. 

21 

35.60 

+  0.02 

99.03 

-0.14 

22 

35.80 

-0.18 

98.84 

+  0.05 

23 

35.53 

+  0.09 

99.00 

-0.11 

28 

35.73 

-0.11 

98.91 

-0.02 

29 

35.74 

-0.12 

98.85 

+  0.04 

30 

35.55 

+  0.07 

98.83 

+  0.06 

Nov 

4 

35.57 

+  0.05 

.OS. S3 

+  0.06 

5 

.".5.49 

+  0.13 

98.88 

+  0.01 

6 

35.66 

-0.04 

9S.96 

-0.07 

19 

35.83 

-0.21 

98.87 

+  0.02 

20 

35.83 

-0.21 

0S.05 

-0.06 

25 

35.55 

+  0.07 

99.06 

-0.17 

26 

35.75 

-0.13 

98.82 

-1-0.07 

27 

35.  15 

+  0.17 

98.88 

+  0.01 

1900  Mar 

23 

35.49 

+  0.13 

98.71 

+  0.18 

30 

35.66 

-0.04 

98.78 

+  0.11 

Apr. 

6 

35.35 

+  0.27 

9S.95 

-0.06 

35.62 


98.S9 


DM.  +37°4131  and  Star  B  (12\3). 


1899  Oct. 

21 

137.50 

+  0.17 

25.60 

-0.02 

22 

137.13 

+  0.20 

25.50 

+  0.08 

23 

137.27 

+  0.06 

25.41 

+  0.17 

28 

137.11 

+  0.22 

25.46 

+  0.12 

29 

137.35 

-0.02 

25.46 

+  0.12 

30 

137.25 

+  0.08 

25.68 

-0.10 

Nov. 

4 

137.18 

+  0.15 

25.53 

+  O.05 

5 

137.13 

+0.20 

25.53 

+  0.05 

6 

137.17 

+  0.16 

25.59 

-0.01 

19 

137.50 

-0.17 

25.70 

-0.12 

20 

137.15 

+  0.18 

25.81 

-0.23 

25 

137.53 

-0.20 

25.66 

—  0.08 

26 

137.36 

—0.03 

25.59 

-  0.01 

27 

137.22 

+  0.11 

25.71 

-0.13 

1900  Mar 

23 

137.92 

-0.59 

25.65 

-0.07 

30 

137.63 

—  0.30 

25.37 

+  0.21 

Apr. 

5 

137.24 

+  0.09 

25.54 

+  0.04 

137.33 


25.58 


DM.  +  37°4131  and  Star  C  (12M.2). 


1899  Oct. 

21 

155.33 

+  0.12 

62.44 

+  0.07 

...» 

155.42 

+  0.03 

62.52 

-0.01 

23 

155.46 

-0.01 

62.37 

+  0.14 

28 

155.58 

-0.13 

62.47 

+  0.O4 

29 

155.6S 

-0.23 

62.46 

+  0.05 

30 

155.49 

-0.04 

62.55 

-0.04 

Nov 

4 

155.52 

-O.07 

62.52 

-0.01 

5 

155.39 

+  0.06 

02.61 

-0.10 

6 

155.59 

-0.14 

62.67 

-0.16 

19 

155.32 

+  0.13 

62.57 

-0.06 

20 

155.30 

+  0.15 

62.61 

-0.10 

25 

155.65 

-0.20 

62.50 

+  0.01 

26 

155.56 

-0.11 

62.54 

-0.03 

27 

155.31 

+  0.14 

62.49 

+0.02 

1900  Mar 

23 

L55.50 

-0.05 

62.46 

+  0.05 

30 

155.44 

+  0.01 

62.57 

-0.06 

Apr. 

6 

155.16 

+  0.29 

62.36 

+  0.15 

155.45 


62.51 


DM.  +37°413]  and  Star  J)  (12»3). 


1899  Oct. 

21 

264.87 

+  0.00 

50.25 

+  0.50 

22 

264.91 

+  0.02 

50.75 

0.00 

23 

264.82 

+  0.11 

50.53 

+  0.22 

28 

265.03 

-0.10 

50.74 

+  0.01 

29 

265.16 

0.23 

50.77 

-0.02 

30 

264.91 

+  0.02 

50.79 

-0.04 

Nov. 

4 

264.78 

+  0.15 

50.87 

-0.12 

5 

265.00 

-0.07 

,-,o.9S 

-0.23 

6 

265.0:1 

-0.08 

.-.0.88 

-0.13 

19 

26-1.88 

+  0.05 

50.67 

+  0.08 

20 

264.85 

+  0.08 

50.52 

■+  0.23 

25 

265.00 

-0.07 

50.88 

-0.13 

26 

265.08 

-0.15 

50.73 

+  0.02 

27 

264.78 

+  0.15 

50.74 

+  0.01 

1900  Mar 

23 

264.  ss 

+  0.(C. 

50.90 

-0.15 

30 

20  1.87 

+  0.06 

50.71 

+  0.04 

Apr. 

6 

264.94 

-0:01 

51.12 

-0.37 

20-1  93 


50.i 


The  third  and  fifth  columns  contain  the  deviations 
from  the  mean.  The  method  of  double  distances  has  been 
used  throughout.  Five  settings  were  made  for  the  position- 
angles,  and  four  settings  on  each  side  of  the  fixed  wire  for 
distance.     The  measures  have  been  corrected  for  refraction. 

The  identity  of  the  star  has  been  carefully  established 
by  comparison  with  other  DM.  stars  near,  by  charting  and 
by  reference  to  the  DM.  charts.  It  is  of  a  strong  yellow 
color. 

On  every  night  on  which  these  observations  were  made, 
measures  were  also  made  of  the  J8  of  Atlas  and  Pleione, 
and  Electro,  and  Celaeno  of  the  Pleiades,  as  a  check  on  any 
changes  in  the  telescope. 

During  these  observations,  the  9M  star,  DM.  +37°4133, 
whose  place  for  1855.0  is  20''  54m  2*.5  ,  +37°  18'.7  was 
found  to  be  a  new  double,  or  rather  triple  star.  The  fol- 
lowing measures  were  obtained  : 
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l  and   /•'. 

o 

'                                   MM 

1899.812 

247.7 

0.77         9.5  9.8 

bad  seein 

.826 

25 1 . 1 

0.87 

"       "        " 

829 

249.5 

1.11 

bel  ter  seeing 

L899.822 

250  i 

0.92 
(A  +  B)  and  C. 

1899.812 

1  12.0 

7.75             L5 

difficult  from 

.826 

111.5 

7.99 

had  seeing 

1899.819 

111.7 

7.87 

For  identification  of  this  star,  which  is  south  following 
I'M.  +  .".7  '  1 1  .">! .  two  transits  wen-  obtained,  and  one  meas- 
ure for  .  /rt. 

Triple  star,  DM.  +37°4131. 

Ja  =  +ii"'  27'.90  (•-')     .     dl  =  -•'!'  23".7(1  i 

which  gives  a  position  in  accord  with  that  in  the  DM. 
Terkes  Observatory,    Williams  Bay,    Wis.,  1900  Aprin. 


NOTK   ON    THE    DETERMINATION   OF   THE    SHIPS    DIAMETER    DURING   THE 
TOTAL   SOLAR   ECLIPSE   OF   MAY   28,  1900, 

By   WILLIAM    IIAHKXESS. 


As  it  is  not  customary  to  observe  the  position-angles  of 

lints  of  contact    in  solar  eclipses,  it   may  not  be  in- 
te  the  attention  of  astronomers  to  the  im- 
bhem  during  the  approaching  total 
solar  eclip      oi  May  28. 

i  i  ,  i  :  :i  ,  the  difficulty  of  getting  rid  of  irradiation, 
under  of  the  sun  is  not  vet  accurately  known,  and 
almost  the  only  possible  way  of  measuring  it  seems  to  be 
by  first  determining  the  diameter  of  the  moon  from  occul- 
tations,  and  then  finding  the  difference  between  the  diame- 
ters of  the  sun  and  moon  from  observations  of  total  solar 


eclipses.  The  latter  determination  can  best  be  made  from 
observations  of  the  second  and  third  contacts,  and  if  both 
the  times  and  position-angles  are  observed,  each  such  set 
of  observations  will  give  a  complete  determination  of  the 
difference  of  diameters  of  the  bodies  in  question.  If  the 
position-angles  are  not  observed,  then  the  difference  of 
diameters  can  only  be  got  by  combining  observations  made 
at  different  stations,  and  in  very  many  cases  the  geographi- 
cal positions  of  stations  along  the  line  of  totality  are  not 
sufficiently  well  known  to  admit  of  that  procedure. 
Washington,  B.C.,  1900  April  17. 


OBSERVED  MAXIMA    OF    LONG 

By  PAUL  s. 
L03.     T  Andromedae. 
1  observed  this  star  on  1897  Nov.  24,  when  its  light  was 
estimated  at  9".4;   from   this  date  to   L898  Feb.  11',  twelve 
observations  indicate  a  maximum  of  7".9  on  1S'.»7  Dec.  27; 
at  the  last  observation  the  star  had  decreased  to  9M.8. 

678.  UPersei. 
1  observed  U  Persei  thirteen  times  from  L897  Sept.  26  to 
Dec.  31.  \-  the  firsl  observation  its  light  was  estimated 
at  '.i  i.  It,  rose  to  a  well-defined  maximum  of  8M.3  on 
Nov.  28,  from  which  it  deceased  sharply,  and  on  Dec.  11 
■i\i  ;  after  this  it  again  increased  to  8".7, 
which  it  had  reached  at  the  last  observation. 

806.     oCeti. 

From    L897  Sept.   L8  to   1  898  Jan.  24,  I   observed  o  Ceti 

tions  a  n  ■;■  enough  spaced 

pa     eda  ma  tmurn  of  3".  1  on  L897 

Nov.  30.     At.  the  cea  ed  to  P'.  I- 

5758       A  //  rculis. 
Nine  observations  of  XHereulis,  from    L899   May  30  to 
Aug.  26,  show  a  maximum  of  about  6".4  on  Aug.  3. 


PERIOD   VARIABLES,   1897-1809, 

VKXDELL. 

6225.     RS  Herculis. 
Eleven  observations  of  RS H-erculis,  from  1899  duly  30 
to  Oct.  12,  indicate  that  a  maximum  of  8M.2  was  passed  on 
Sept.  2.     At  the  first  and  last  observations,  the  star's  light 
was  about  9M.2. 

(i7.'!.'i.  R  Scuti. 
This  star  was  observed  twenty-nine  times  in  1899.  At 
the  first  observation,  June  29,  it  was  about  f>".l  ;  from  this 
it  decreased  to  a  minimum  of  G".l,  which  occurred  Aug.  3, 
and  was  followed  on  Sept.  2  by  a  maximum  of  5M,0,  from 
which  the  star  again  decreased  till  the  last  observation  on 
Oct.  10,  when  it  was  apparently  at  or  near  another  mini- 
mum of  6M.7. 

70S,..     RTCygnl 
Eighl  observations,  from  1896  Deed  to  1897  Jan.  23, 

indicate  a    maximum   of   7M.I  on    L897   dan.    I;   the   light  at 
the  last  observation  was  7". 9, 

From  L899  Aug.  1  to  Oct.  4,  nine  observations  show  a 
well-defined  maximum  of  7?.5  on  Aug.  26.  The  light  at 
the  first  observation  was  8M.3,  and  at  the  last,  8M,6. 
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CAL 

JOUKN 

AL. 

: 

Loral  M.T. 

Mag. 

Local  M.T. 

Mag. 

L899 

Aug. 

25.357 

sjr.) 

1899  Sep1 

5.365 

9.00 

26.380 

8.06 

6.365 

9.42 

30.361 

8.22 

Oct. 

26.417 

8.72 

Sept 

1.333 
.538 

8.36 
8.87 

Nov. 

3.337 

9.18 

15 


7792.     SSCygni. 

This  star  was  observed   on  thirty-four  nights,  from  1899 
June  29  to  Nov.  5. 

The    following    observations    were    obtained    when   its 
brightness  was  above  the  normal  : 
Dorchester,   1900  May  1. 


OBSERVATIONS   OF   COMETS   1899  III  AND  1899  1, 

MADE    WITH    THE    18-INCH    EQUATORIAL,    FLOWER    OBSERVATORY,    UNIVERSITY    OF    PENNSYLVANIA, 

By  HEXP.Y  B.  EVANS. 


1899  Greenwich  M.T. 

* 

No. 

#- 

-* 

o^'s  apparent 

log 

;<A 

la 

t8 

a 

8 

for  a 

for  3 

Comet  1899  III 

April    "> 

13  22 

26 

1 

7  ,10 

+  3 

27.00 

+  4  48.7 

3  11 

32.52 

+  22  32  35.0 

9.089 

0.722 

5 

13  22 

26 

o 

7  ,  10 

+  2 

34.75 

+  4  45.2 

3  14 

32.48 

+  22  32  35.7 

16 

13  35 

18 

:; 

7 

+  1 

24.90 

3  54 

41.01 

0.071 

16 

13  24 

46 

3 

4 

+  4  53.0 

. 

+  18     s  13.3 

•    • 

0.710 

Comet  1899  I. 

May  21 

18  40 

10 

5 

5  .  10 

+  0 

53.66 

-2  16.4 

21   51 

42.49 

+  40     6  20.4 

m9.788 

0.1 6S 

23 

15  31 

35 

6 

8  ,12 

+  4 

10.07 

+  2  31.1 

21   24 

55.07 

+  52     3   17.2 

,,0.S5(> 

0.05S 

23 

15  31 

35 

7 

8  ,  12 

+3 

7.83 

+  1    1'.:; 

21   24 

55.86 

+  51'     3   17.S 

24 

16  18 

17 

S 

S  ,12 

+  2 

7.61 

-0  57.7 

2 1     5 

51.52 

+  53  31   43.1 

*9.873 

0.151 

25 

16  13 

4 

9 

12  .  12 

+  0 

31.82 

+  1  34.9 

20  45 

36.99 

+  54  47   18.0 

«9.S81 

0.357 

26 

15  23 

8 

10 

12 

-0 

10.76 

-2  56.1 

20  24 

57.44 

+  55  48  52.5 

■vO.SOS 

0.445 

28 

17  17 

4 

11 

12 

-0 

46.81 

+  3  35.8 

19  34 

12.. T.I 

+  57    10  50.6 

„0.7  IS 

,,0.025 

30 

17  53 

12 

12 

12  ,16 

+  0 

5.61 

+  1  54.1 

18  42 

54.83 

+  57    12    10.1 

,,0.1.",  1 

m.0.356 

June    2 

15  21 

34 

13 

12 

+  0 

27.58 

+  2     1.2 

17  35 

2.26 

+  55     3   52.2 

>,9.673 

,,0.001 

3 

16  44 

19 

14 

12 

+  0 

13.32 

+  1   .",7.0 

17   13 

32.47 

+  5:;  46  5o.o 

,,0.1 2  1 

„0..",00 

4 

14  53 

17 

15 

12 

-0 

10.05 

+3  14.0 

li;  56 

29.44 

+  51'  30  47.7 

,,0.507 

raO.021 

14 

14     5 

56 

16 

8  .  10 

-i 

9.35 

-5  37.0 

15   LO 

42.00 

+  36  58  38.6 

„S.'.I07 

\Ki\\C, 

19 

16  55 

51 

17 

8,10 

2 

53.93 

+  4     3.2 

11    17 

28.79 

+  30  32  24.1 

9.562 

0.384 

21 

14  55 

32 

18 

8,12 

-1 

39.92 

-0  13.2 

14  41 

10.51 

+  28  29  16.3 

9.202 

0.277 

22 

14  48 

47 

19 

10  ,8 

__o 

5.9 1 

-0  26.8 

1  1  38 

31.77 

+  27  29  28.1 

9.198 

0.309 

23 

1  1    is 

23 

20 

12 

-0 

33.98 

+  0  32.8 

11  36 

0.78 

+26  33  20.4 

9.026 

0.319 

Mean    1 'hi  as 

for  1899.0  of  ( 

omparison- Stars. 

* 

a 

app.  place 

8 

app.  place 

Authoritj 

1 

i 
3 

li"   4.64 

+o!ss 

_j_  •<•, 

27  41.0 

+  5*3 

Becker,  Berlin  A.G.  Catal.,  No.  066 

o 

3 

11  56.S4 

+  0.89 

+  22 

27   45.2 

+  5..", 

No.  072 

." 

3 

53  15.15 

+  0.96 

+  1S 

3  17.1 

+3.2 

Compared  with  >M 

4 

3 

51    50.20 

+0.96 

+  17 

5  1  32.7 

+  3.1 

Aivwers,  Berlin  A.G.  Catal..  No.  1063 

5 

21 

53  47.07 

+  1.76 

+49 

8  51.5 

-5.7 

Deichmuller,  Bonn  A.G.  Catal.,  No.  16174 

6 

21 

20  43.04 

+  1.06 

+  52 

0  52.7 

-6.6 

Rogers,  Cambridge  AG.  Catal.,  No.  7058 

7 

21 

21   46.08 

+  1.95 

+  52 

2  22  1 

-6.6 

No.  7(160 

8 

21 

3  41.84 

+  2.07 

+  53 

32  47.8 

-7.0 

«                «            '•          ■•       No.  6907 

9 

20 

45     2.07 

+  2.2(i 

+  54 

15  50.3 

-7.2 

•■       No.  6775 

10 

20 

21   50.87 

+  2.33 

+  55 

51   56.0 

-7.4 

Krueger,Hels.-GothaA.G.  Catal., No.  11388 

11 

19 

34  56.55 

+  2.65 

+  57 

7   0l>  2 

-7.4 

No.  10643 

12 

18 

42  46.28 

+  2.94 

+  57 

10   20.0 

-7.0 

»                 "             »          «       No.  9050 

13 

17 

34  31.47 

+  3.21 

+  55 

1    50. S 

-5.S 

No.  9367 

14 

17 

13  15.90 

+3.25 

+  53 

45  27.3 

-5.3 

Rogers,  Cambridge  A.G.  Catal..  No.  5207 

15 

16 

56  36.22 

+  3.27 

+  52 

27  38.6 

-4.0 

»                »            "          «       No.  5130 

16 

15 

11    40.04 

+  3.21 

+  37 

1    10,1 

3.8 

Lund.  A.<  i.  Zones.      1  obs. 

17 

14 

50  19.59 

+  3.13 

+  .",0 

28  25.1 

-4.2 

Paris,  No.  18394 

18 

14 

42  56.33 

+  3.10 

+  28 

20  34.0 

1.5 

Graham,  Cambridge   \  G,  Catal.  No.  6967 

19 

14 

40  34.61 

+  3.10 

+  27 

20   50.5 

-4.6 

'<              '•          •'       No.  6057 

20 

14 

36  31.67 

-f-.-.oo 

+  26 

32  52.4 

-4.8 

"                  -             »         «      No.  6933 

The  observations  of  May  25  to  June  4  inclusive,  and  of  June  23,   Ja  were  measured  directly  by  micrometer. 
Flower  Observatory,  1900  April  7. 
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OBSERVATIONS   OF   COMET  cl  1900  (giacobini), 

mvi.i      \i     i  in     LICK    OBSERVATORY    OF  THE    UNIVERSITY    OF  CALIFORNIA, 

Bi    C.   D.   PERRINE. 


L! Mi.  lLunillon.M.T. 


March  11  7  9  16 
20  7  36  51 
23     7  33    17 


:" 


No. 
i  omp 


la  .  /8 


rflO  .  S 
rflO  .  8 


_0     1.33 
I  ii  32.09 

4- (i  20.80 


f2  12.0 
-2  48.6 
+  2  50.1 


# 


s  apparent 


1  7,7  12.51 
1  7,1  38.47 
1    19  53.76 


+5  33  52.5 
+  7  58  35.6 

f  8    I  1  54.7 


log  pA 
for  a       |     f or  S 


9.039 
9.67  I 
9.677 


0.703 
0.715 
0.719 


Tele- 


36 
12 
12 


Mi  an 

Places  for   1 '.100.0  of  Coiiipurisnu-Stitrx. 

* 

a 

Red.  i"                      £ 
app.  place                    o 

lied,  to                                              .    ,,      .. 
app.  place   |                                       Authority 

1 

2 
3 

4 

1,         II)        s 

1    77    16.1] 
1    54    14.03 
1   51     5.75 
1  49  32.33 

+  0.72 
+  0.63 
+0.63 

+  7,  31   38.8 
+  7,  33     2.3 
+8     1   22.2 
+  8  42     2.4 

+ 1 .7 
+  1.8 
+  2.0 
+  2.0 

*  9M.3  compared  with  *2 
Leipzig  A.G.  759 

"      7:;7 

"      730 

Ml.  Uamilton,  I  ,rmo,  1900  -l/':'-'  18. 


MICROMETRICAL 


MEASURES   OF   THE   COMPANIONS  OF   PBOCTON. 

By  E.   E.  BARNARD. 


I  impanion   was   measured   on  four  nights 

during  the  pasl  season.     The  measures  of  this  ohject  are 
up   from   year  to  year,  in  the  hope  that  they  will 
be   useful   in  the  I     ation   of   the   proper   motion   of 

Proeyon.  It  has  long  ago  been  shown  that  this  small  star 
has  no  physical  connection  with  the  large  star ;  the  changes 
in  its  relati  are  due  solely  to  the  proper  motion 

of  Proeyon. 

The  Distant  Companion. 


1899.771 
.826 
.883 
.905 


343.3 
342.7 
343.3 
343  1 


59.04 
59.35 
59.28 
59.46 


1899.846 


343.19 


59.28 


The  following  observations  were  obtained  of  the  close 
compa  i  h  was  difficult  from  poor  seeing: 

ry,    Williams  Bay,    Wis.,  1900  May  6. 


1899.829 

335.5 

4.99 

.853 

333.5 

4.68* 

.892 

335.5 

5.12 

1900.245 

:;:;:,.  I 

4.97 

.253 

338.9 

5.31 

.258 

337.4 

5.48 

1900.055         336.03       5.09 

*  Single  distances. 

The  measures  are  double  distances,  with  the  exception 
of  the  second  set,  which  is  from  single  distances.  If  we 
give  half  weight  to  the  second  distance  measures,  the  mean 
will  be  5".13. 

My  previous  measures  of  the  close  companion  with  the 
40-inch,  are  — 

1898.213  326°0  In  4.83  6« 
1899.073  330.6  5w  4.91  3ra 
From  these  measures  the  distance  seems  to  be  increasing 

at  the  rate  of  about  0".14  a  year,  while  the  increase  in  the 

angle  is  about  5°  annually. 
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A   METEORIC 


While  the  writer  was  making  a  short  stay  at  the  Yerkes 
Observatory  last  September,  Professor  Barnard  pointed 
out  to  him  the  Gegenschein,  and  had  the  kindness  to 
refer   him    to  the  theories    that  have  been  advanced   by 

SCHAEBERLE,     ANDERSON,     EvERSHED,     SeARLE    and     othei'S 

for  its  explanation.  A  number  of  them  ascribe  the  light 
to  meteors  or  asteroids.  There  are  some  objections  to  all 
of  them  as  is  evidenced  by  the  criticisms  and  discussions 
that  have  followed  their  publication.  Doubtless  many  of 
them  contain  elements  of  truth,  but  so  far  they  have  not 
been  so  conclusive  quantitatively  as  to  secure  general 
acceptance. 

The  hypothesis  advanced  in  this  paper  -was  developed 
during  the  few  days  of  residence  at  Williams  Bay,  and  the 
mathematical  theory  was  extended  in  the  next  two  months 
to  a  complete  analytical  discussion  of  the  oscillating  satel- 
lites, a  few  examples  of  which  were  given  by  Darwin  in 
his  memoir  in  the  Acta  Mathematica,  Tome  21.  It  will  be 
seen  that  the  theory  of  Professor  Wm.  H.  Pickering,  pub- 
lished in  the  January  number  of  Popular  Astronomy,  is  in 
many  respects  similar  to  this,  although  lacking  something 
of  the  precision  which  results  from  a  mathematical  investi- 
gation. 

The  Gegenschein  was  first  discovered  by  Brorsen  about 
the  middle  of  this  century,*  but  very  few  astronomers  have 
made  systematic  observations  of  it.  By  far  the  most  con- 
sistent and  extensive  locations  of  its  position  and  determi- 
nations of  its  shape  are  due  to  Barnard,  who  has  followed 
it  almost  constantly  for  sixteen  years.  Although  it  is 
generally  considered  a  difficult  object,  and  one  in  regard 
to  which  it  is  easy  to  be  mistaken,  yet  Barnard's  obser- 
vations cover  so  great  a  period,  and  are  so  consistent,  that 
there  can  be  no  doubt  that  his  results  represent  very  closely 
the  actual  appearances  of  the  object.  From  an  examination 
of  all  these  observations,  which  he  kindly  placed  at  my 
disposal,  I  came  to  the  conclusion,  which  he  had  already 

*  For  a  more  complete  historical  account  see  Prof.  Barnard's 
paper,  in  Popular  Astronomy,  No.  64. 


THEORY   OF   THE    GEGEKSCIIEIX, 

By  F.  R.  MOULTON. 

reached,  that  the  Gegenschein  is  always  exactly  opposite 
to  the  sun  as  nearly  as  can  be  determined.  Some  other 
observers,  notably  Douglass,  seem  to  have  found  that  it 
has  a  slight  variation  in  both  latitude  and  longitude.  These 
conclusions  must  be  regarded  as  being  somewhat  less  cer- 
tain than  Barnard's,  because  of  the  short  time  over  which 
the  observations  extend.  As  an  illustration  of  the  un- 
certainty of  the  existence  of  these  slight  variations,  I  find 
that  at  the  time  of  the  greatest  southern  latitude,  according 
to  Douglass,  the  mean  of  Barnard's  observations  for  six- 
teen years  gives  a  slight  northern  latitude ;  aud  the  obser- 
vations for  the  same  year  in  which  those  of  Douglass 
were  made,  the  latitude,  according  to  Barnard,  was  north 
instead  of  south.  From  a  discussion  of  all  of  Barnard's 
observations  it  was  not  possible  to  discover  any  relation 
between  the  phase  of  the  moon  and  the  variations  in  lati- 
tude and  longitude. 

It  is  proposed  to  show  in  the  following  paragraphs  that 
it  is  possible  for  meteors  to  move  for  long  periods  of  time 
in  the  vicinity  of  a  point  in  opposition  to  the  sun,  and 
about  900,000  miles  distant  from  the  earth.  The  sug- 
gestion will  then  be  made,  as  being  a  reasonable  hypothe- 
sis, that  the  meteors  revolving  around  this  point  are 
sufficiently  numerous  to  cause  the  faint  glow  of  the  Gegen- 
schein by  reflecting  the  light  of  the  sun. 

The  space  around  the  sun  occupied  by  the  planets  seems 
to  be  teeming  with  meteors,  at  least  as  far  out  as  the  earth. 
They  are  indeed  so  numerous  that  the  late  Professor  H.  A. 
Newton  calculated  that  ten  millions  strike  into  the  earth's 
atmosphere  daily.  They  seem  to  be  the  cause  of  the  zodia- 
cal light,  and  they  doubtless  crumpled  and  destroyed  the 
tail  of  Brooks's  comet  in  the  remarkable  manner  shown  in 
Barnard's  excellent  photographs  of  this  object.  From 
observations  they  have  been  found  to  move  with  widely 
different  velocities,  and  in  every  direction,  so  that  con- 
sidering their  countless  numbers  it  does  not  strain  our 
imagination  seriously  to  suppose  that  a  great  multitude 
would  get  in  the  vicinity  of  the  opposition  point,  and  be 

(17) 
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■  nii\   of   possible  initial 
conditions  so  that  they  would  remain  there  Eoi 
This  hypothesis  evidently  explains  qualitativelj  tin-,    bab 

Quantitatively  the 
■  :.;>  to  be  b  power  of  tnathemal ical 

treatment,  and  ind  Igments  regarding  the  efficiency 

oi  the  theorj  will  arj  v.  idelj . 

1.  ionsof  motion.     As  the  met ei > 

are  exceedingly  small  compared  to  t lie  earth,  we  shall  treat 
them  as  infinitesimal  bodies,  disturbing  neither  the  earth 
nor  each  other.  Since  we  shall  onlj  prove  that  thej  tnaj 
stay  a  finite,  but  long,  time  in  opposition  this  procedure  is 

For    the    sake    of    silllplieit  \    \\o    shall 

of  the  earth's  orbit.     Let  us  con- 
the  circumstances  of  the  motion  of  one  meteor,  refer- 
ring the  position  of  the  s\  stein  to  rectangular  axes  with 
!  »in  at  the  center  of  gravity  of  the  sun  and  I  be  earth. 
Suppose  the  units  are  selected  so  that  the  Gaussian  con- 
il   to  unity.     Let  the  coordinates  of  the  sun, 
md    meteors    be      ft',  Vi>  t\  \  ft'j  %'>  £»  aiu^  ft  v>  £> 
I  ively.     Take  the  distance  of  the  earth  from  the  sun 
as  unity.      Let  the  distance  from  the  meteor  to  the  sun  be 
i\,  and  from  the  meteor   to  the   earth  r„.     Let  S  and  K 
represent   the  masses  of   the  sun  and  earth    respectively. 
Then  the  differential  equations  of  motion  of  the  meteor  are 


(1) 


dW 

dt2 

dt- 


r*  >-„3 

v,3  r„* 


-   ppose  the  sun  and  the  earth  revolve  in  the  ^'ij'-plane 
with  tl  srelocifrj    n.     Let  us  clioose  the  unit  of 

mass  so  that  S+  E  =  1  ;  then  from  this  and  our  previ- 
nits  we  find  n  =  1.  We  may  refer  the 
motion  of  the  system  to  axes  rotating  in  the  £'jj'-plane 
with  the  uniform  an-ular  velocity  unity  by  the  substi- 
tution 


- 


ft'    =    ft  cos<  —  »;,  sin.' 
rj/  =  c,  sin*  +  t] 

u  =  b 


2     in   i  I  i,  and    eliminating  the   trigono- 
.  we  obtain 


••  il  =  i- 
dt-    '  dt 


*  -   .      =    n a ~ s 


dt 

<n 
at- 


sc 


l-i 


Let   the   coordinates   be   so   chosen    that    at   the  origin  of 
time     ,h  =  -,}.,  =  0;     then  equations  (3)  become 


,1, 


d*£            dr,                   S($- 

dt-         "  dt          * 

« 

-E(£-ft) 

r„3 

7         2di                          Sr, 

dt-    •     ~  dt           V 

Er, 

/•„3 

r,3 

Ei 

The  e  equations  are  identically  verified  it'  we  put 


SQ-ft        E<$-# 


£  =  0 


=   i) 


(5) 


Since  the  origin  is  at  the  center  of  gravity  of  S  and    E 
we  have,  supposing  E  to  be  in  the  positive  direction. 


ft   =   -  E 

L  =         S 


(6) 


The  first  equation  of  (5)  has  one,  and  only  one,  variation 
of  sign,  and  hence  one,  and  only  one,  real  root  in  each  of 
the  intervals     +  «>>£>ft  ,  ft>f>ft  ,  ft>£>  —  <». 

Let  the  three  values  of  £  satisfying  the  first  of  (5)  be 
ft,,  L;lr,  and  ft..     Then  we  have 


ft,  =        ,•„  +  ft  =        ,..,  +  S 
ft,  =    -  r,  +  ft  =    -r,+  S 

ft3  =  -  ''i  +  ft  =  -  <\  -  K 


(") 


The  first  of  (5)  gives  for  the  determination  of  ft,,  ft2 
and  ftj,  through  /\.  —  r2,  and  i\,  respectively,  the 
following  equations : 


r£+(2  +  S)r*  +  (l+2S)r*-Eril-2Er2-E  =  0 

,.)  _  ( 2  +  S)  r*+  (1  +  2  S )  ;■/ -  £  /•./ + 2  A1  »■„ -  E  =  0 
,y'+  (2  +  E  )/■/+(  1 -I-2J5)  r,8-  S  rf-'JS^-S  =  0 


(8) 


If  at  the  origin  of  time  the  infinitesimal  body  be  placed 
at  one  of  the  points  £  =  ft,,  v  =  0,  £  =  0,  (i  =  1,  2,  3  I, 
it  will  forever  remain  there  unless  disturbed  by  some  ex- 
ternal force.  These  particular  solutions  are  evidently 
those  of  Lagrajstge,  in  which  one  of  the  masses  is  infini- 
tesimal. 

Suppose  now  the  initial  conditions  are  slightly  differenl 
from   those  of  the   particular  solutions   above.      It  is   pro- 

I i   to  investigate  the  nature  of  the  movement  of  the 

infinitesimal  body  with  special  reference  to  the  circuni- 
tances  under  which  it  will  make  periodic  oscillations 
around  the  points     £  =  ft, ,  r)  =  0,    £  =  0,  (i  =  1,  2,  3). 

Since  all  the  properties  derived  are  similar  for  each  of 
the  three  points,  we  shall  henceforth  omit  the  subscripts. 
We  shall  denote  the  point  in  opposition  to  the  sun  bj  i  I  . 
the  one  between  the  earth  and  sun  by  (2?),  and   the  one 
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beyond  the  sun  in  opposition  to  the  earth  by  ( C).  Sup- 
pose the  initial  conditions,  instead  of  exactly  fulfilling  the 
equations  above  are 


(9) 


dx      ill/  dz                   ,,             .  .              , 

whi'iv    ./■.  ii,  z,  ■—-  ,  -j-  ,  —     are  small  quantities.    Su  bsti- 

'  J'    '  dt   '  dt  <lt                       1 

tuting  (9)  in  (4),  and  developing    in    powers    of   x,  y,  z, 

dx      dy      <h: 

7FF  '  dt  '  dt 


£  =  4  + 

B       , 

V  =  !/ 

,     I  =  « 

di        dx 

ilt        dt     ' 

dr) 
dt 

dy 

dt     ' 

dt         dz 
dt        dt 

we  have 


(10) 

dt3         dt  tj(^ 


2,s> 


2^a 


cfca 


+  2^7=    II- 


% 


,)3|8 


Ey 

Ez 


\&-m%   ifo-wi1 


-f  higher  terms 
-f  higher  terms 
-f  higher  terms 


2.  Integration  of  the  differential  equations  neglecting  all 
terms  of  order  higher  than  the  first.  In  the  problem  under 
discussion  it  is  permissible  to  limit  ourselves  to  small 
quantities  of  the  first  order.     Then  we  have 


(11) 


'^-2'!f  =  (l+2A)x 

ilt-  dt         y 

*2U2d*  =  {1-A)y 


,lt 

d*z 

dF 


ilt 


■  Az 


where  we  have  put  for  abbreviation 
S  E 


A   = 


K*o-*i) 


m  + 


_  S        E 


The  last  equation  of  (11)  is  independent  of  the  first  two, 

dz 

and  may  be  integrated  separately  ;  therefore  z  and  —  de- 
pend only  upon  the  values  of  these  variables  at  the  origin 
of  time.     The  integrals  are  at  once  found  to  be 


(12) 


Z  =       c,  cos  (y/A  t)  +  ('„  sin  (y/A  t) 


=    — Cj  yjA  sin  (y/A  t)  +  c„  yjA  cos  (V-l  t) 


Since  A  is  a  positive  quantity  the  component  of  motion 
perpendicular  to  the  a;y-plane  is  in  all  cases  periodic  with 

2tt 

the  period  — — .     If     t0  =  0,     the  constants  c.  and  e„  are 

sJA 
given  by  the  equations 


(13) 


1      dz0 

V^T   dt 


It  remains  to  consider  the  simultaneous  system 
(1+24)  x 


d-.r  dy 

W  ~      dl 

,/-,/  dx 

d¥+2di  =  ^-A^ 


(14) 


The  solution  of  this  linear  system  is  at  once  obtained  by 
letting 


(15) 


x   =   AV 
y   =   LeM 

Substituting   (15)   in    (14),    and    dividing    out    common 
factors,  we  have 


(\2-l-2A)K  —  2kL  =  0 
2\K  +  (X?-1  +  A)L  =  0 


(16) 


K  =  L  =  0     is  a  solution  of  these  equations,  but  fur- 


nishes   the    integrals 


=  0      from    which    we 


started,  and  which  we  no  longer  desire  to  study.  The 
equations  cannot  be  satisfied  for  other  values  of  A"  and  L 
unless  the  determinant  vanishes.  The  determinant  set 
equal  to  zero,  or  the  characteristic  equation,  is 

(17) 

A" 2X1  7  ^-  1  +  A  I  "  k*  +  (2  -  *>  X'  +  (1  +  A ~  2A'^  =   ° 

Let  the  four  roots  of  this  biquadratic  be  A, ,  A., ,  A.;  and 
A4.  Substituting  these  values  in  turn  in  (16),  the  ratios  of 
K  and  L  are  determined  in  each  case,  each  ratio  involving 
one  arbitrary  constant.  Representing  the  corresponding 
values  of  K  and  L  by  A',,  A,;  K„,  A.,;  K„,  Ls;  Kit  Lt) 
we  obtain  as  the  general  solution  of  (14),  involving  four 
arbitrary  constants  of  integration, 

x   =   A>xi'  +  AV-v  +  A>1:;'+AV   '  1 

y   =   L.e1*  +  L„e**  +  Lse>«  +  Ltex«  J      ^ 

We  must  now  determine  the  nature  of  the  roots, 
\1:  A2,  As,  A4.     of  (17).     From  (8)  we  have  approximately 


1  +  2.S 

S 
1+2A 


Then  we  have  for  A,  approximately 


S 


A,  =  A2  =  -  +  1  +  2S 

'10 

E 


A, 


-+1  +  2E 


Thus  we  see  that  A  is  positive  in  all  three  cases,  and 
that  1—  A— 2A3<0.  Therefore  two  of  the  roots  of  the 
biquadratic,  (17),  are  real  and  two  are  pure  imaginaries. 
Then  it  follows  that  for  general  initial  conditions  x  and  y 
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increase  in  numerical  value  without  limit  with  t,  instead 
of  beij  as  were  the  s-coordinates.     Under  these 

circumstances  the   Lagrangian  straight-line   solutions  are 
said  to  be  unsl 

Suppose  A.,  and  A.  are  the  conjugate  imaginary  roots,  and 
A,  tin'  real  ones.  Then,  it  the  initial  conditious  are 
such  that  A'..  =  Kt  —  La  —  LA  —  0  the  motion  will  be  peri- 
odic. There  will  then  remain  only  two  arbitrary  constants 
in  the  solutions.  Suppose  A,  =  V— 1  a  i  \:  ~  —  V^T  CT> 
where  cr  is  a  real  number.  Then  in  order  that  the  solution 
may  be  real,  as  well  as  periodic,  we  must  select  the  con- 
•  -  as  conjugate  complex  quantities  having  the  form 

Kj  =  «,  +  V— i  ai 
Kt  =  a,  —  ^f-i  a„ 

(19)   {  A  =  A  +  v=ia 

/-,  =  A  -  V-i  & 

Ks  =  Kt  =  L3  =  Lt  =  0 

where      «,,  <<., .  a,  and  at      are    real    numbers.     Writing 
(IS)  in  the  trigonometrical  form,  we  have 

f  .,•   =   2a,  cos  (o-O  -  2«2  sin  (<rf) 

)     \  y  —  2/3,  cos  (<rr)  -  2/32  sin  (V) 

it,  and  /5.  are  expressed  in   terms  of  the  initial  conditions 
by  the  equations 

(  *!  .     _  1    da"o 

2o-  <ft 

1    -/,</, 


(21) 


A-* 


«,  =  _  _  ^ 


When  the  constants  of  integration  are  chosen  as  defined 
in  (19i  and  (21  |  the  x  and  ^-coordinates  and  velocities  iu 
each  of  the  three  cases,   (^4),  (B)  and  (C),  are  periodic 

functions  of  the  time  with  the  period  — .     Since  there  are 

<r 

two  arbitrary  constants  involved  there  is  a  doubly  infinite 
system  of  these  solutions,  all  having  the  same  period.  In 
space  of  three  dimensions  there  is  a  triple  infinity  of  solu- 
tions, all  having  the  same  period  of  oscillation  through  the 
xy-plane. 

Eliminating  t  from  (20)  we  have  as  the  equation  ol   the 
:   the  orbil   on  the  zy-plane,  the  ellipse  whose 
center  is  at  the  point  (.1),  (/<),  or  (C), 

(/V+/V^-  +  <<v  +  «=V-2(«,A  + «=&>//  =  4(«,&-«2/3,y-' 

It  follows  from  the  properties  ol  central  orbits  that, 
under  the  initial  conditions  defined  above,  the  resultants 
of  all  the  forces,  both  attractive  and  centrifugal,  up  to 
terms  of  the  second  order  of  small  quantities,  are  directed 
to  the  relatively  stationary  points  (A),  (B)  and  (Ci.  and 
that  the  intensities  are  directly  proportional  to  the  dis- 
tances  from    them.     Since   the    forces    depend    upon   the 


velocities  as  well  as  upon  the  coordinates,  this  is  not  true 
in  general.  .Meteors  passing  near  one  of  these  points  with 
approximately  one  of  the  triple  infinity  of  circumstances 
of  motion  defined  by  (13)  and  (lit;  would  be  subject  to 
forces  directed  nearly  to  this  point,  and  would  have  a 
tendency  to  revolve  around  it.  Doubtless  it  would  fre- 
quently happen  that  they  would  make  a  few  revolutions 
and  then  pass  on.  Since  the  orbits  are  unstable  the 
meteors  would  always  escape  from  this  region  and  continue 
their  way,  and  on  the  average  they  would  be  escaping  as 
fast  as  they  were  being  captured  ;  nevertheless  the  result 
would  be  a  condensation  with  respect  to  space,  if  not  with 
respect  to  time.  It  is  as  though  a  certain  number  had  to 
pass  by  a  given  point  in  a  given  time;  the  slower  they 
moved  the  closer  they  would  be  together. 

The  difficult  question  is  to  determine  whether  a  sufficient 
number  would  be  temporarily  captured  to  become  visible. 
Without  pretending  to  give  a  positive  answer  the  following 
considerations  may  be  advanced.  It  is  knowrn  that  there 
is  a  great  disc  of  meteoric  matter  revolving  around  the  sun, 
and  extending  somewhat  beyond  the  earth's  orbit.  It  is 
seen  as  the  zodiacal  band  extending  even  up  to  180°  from 
the  sun.  The  orbits  of  the  individual  meteors  are  doubt- 
less somewhat  nearly  circular  in  form.  Therefore  they 
would  be  passing  the  opposition  point  with  small  velocities 
referred  to  the  rotating  axes,  and  generally  in  the  negative 
direction.  They  would  be  crossing  the  a--axis  nearly  or- 
thogonally, and  the  question  is  whether  the  velocity  would 
ever   be    such    as    to  fulfill    the   second   equation  of   (21). 

from  (11)  we  at  once  obtain  the  integral 

(jy+(^y=(i+2-',"^,,^)y2+c  (23) 

When  the  meteor  is  crossing  the  .r-axis  orthogonally  this 
becomes 

!'J=   (l  +  2A)x*+C  (24) 

At  the  stationary  points  the  velocity  would  necessarily 
be  zero,  but  as  the  distance  from  them  is  increased  the 
velocity  is  also  increased  continually.  Therefore  it  is 
practically  certain  that  the  initial  conditions  would  be 
approximately  fulfilled.  It  seems  to  follow  necessarily 
that  there  should  be  a  condensation  in  the  zodiacal  band 
in  opposition  to  the  sun,  and  that  from  purely  theoretical 
grounds  we  should  be  led  to  expect  to  find  a  < legenschein. 

If  there  is  difficulty  in  perceiving  the  dynamical  rela- 
tions when  the  system  is  referred  to  rotating  axes  the 
question  may  be  regarded  in  the  following  elementary 
fashion.  Suppose  a  meteor  is  revolving  around  the  sun  in 
a  circular  orbit  at  a  distance  of  about  900,000  miles  greater 
than  the  mean  distance  of  the  earth.  It  will  be  moving  a 
little  more  slowly  than  the  earth,  which  will  gradually 
overtake  it  in  longitude.     As  it  gets  near  to  opposition  to 
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the  earth  the  perturbations  of  the  earth  will  begin  to  be- 
come sensible.  They  will  retard  it  in  its  orbit,  and  draw- 
it  in  towards  the  sun.  The  secondary  effect  of  the  latter 
is  to  accelerate  the  motion.  When  it  gets  to  opposition  it 
will  be  subject  to  the  attractions  of  both  the  sun  and  earth 
in  the  same  direction.  This  is  equivalent  dynamically  fco 
increasing  the  mass  of  the  sun,  and  it  will  accelerate  the 
motion  of  the  meteor.  At  the  proper  distance  from  the 
earth  its  angular  velocity  will  equal  that  of  the  earth. 
Moreover  the  perturbations  on  the  meteors  at  all  distances 
will  tend  to  bring  them  into  the  plane  of  the  ecliptic,  so 
that  there  would  be  a  condensation  from  that  cause  aside 
from  the  other,  and  besides  it  would  be  the  greatest  in 
opposition. 

These  results  agree  with  those  found  by  the  analysis, 
which  showed  that  there  is  always  a  tendency  to  oscillation 
in  latitude,  while  particular  initial  conditions  are  necessary 
for  the  tendency  to  oscillation  in  longitude.  It  follows 
from  this  that  the  Gegenschein  should  be  somewhat  elon- 
gated in  longitude. 

Since  the  conditions  are  similar  for  all  three  points  (A), 
(B)  and  (C),  it  is  seen  that  Professor  Pickering's  remark 
that  a  meteor  could  not  remain  in  a  line  with  the  earth 
and  sun  and  between  them  is  erroneous.  Indeed,  Darwin 
found  (loc.  cit.)  five  such  orbits  by  numerical  processes.  It 
seems  also  that  Professor  Pickering's  hypothesis  regard- 
ing their  origin  is  scarcely  sufficient.  He  supposes  that 
they  were  driven  by  tidal  disturbances  from  orbits  nearer 
the  earth  to  the  greater  distance  at  which  there  would  be 
a  tendency  to  collect  in  opposition.  In  the  first  place,  the 
point  between  the  earth  and  the  sun  is  nearer  the  earth 
than  the  one  in  opposition,  and  they  would  collect  at  the 
former  instead  of  the  latter.  In  the  second  place,  their 
tidal  evolution  would  go  on  much  more  slowly  than  that  of 
the  moon,  and  it  cannot  be  supposed  that  their  tides  have 
been  sufficient  to  have  driven  them  even  so  far  out  as  the 
moon.  In  the  third  place,  the  necessary  initial  conditions 
could  not  be  exactly  fulfilled  by  this  process,  and  the 
meteors  would  soon  be  lost.  Since  the  orbits  are  unstable 
a  continual  supply  of  material  is  required. 

Instead  of  being  opposite  the  earth  the  point  (A)  will 
be  nearly  opposite  the  center  of  gravity  of  the  earth 
and  moon,  and  consequently  the  Gegenschein  will  have  a 
monthly  oscillation  in  longitude  of  the  nature  of  that  indi- 
cated by  the  observations  of  Douglass,  but  very  much  less 
in  extent,  as  will  be  shown  when  we  pass  to  the  numerical 
applications.  The  oscillation  in  latitude  would  be  monthly 
instead  of  yearly  as  the  observations  seem  to  indicate.  It 
is  not  intended  to  imply  that  the  observations  are  not  cor- 
rect because  they  do  not  agree  with  this  theory,  for  it  is 
necessary  to  make  the  theory  fit  the  observations.  The 
theory  is  advanced  because  it  does  not  seem  established 
beyond   all    question    that   the   contradictory  phenomena 


which  have  been  mentioned  exist.  These  phenomena  are 
enumerated  in  order  that  they  may  receive  more  careful 
attention  in  the  future  by  observers  in  favorable  localities. 
There  is  another  phenomenon  of  a  striking  character 
which  has  been  observed  by  Barnard  alone  so  far  as  I 
am  aware.  It  is  that  the  Gegensrhchi  undergoes  marked 
changes  in  form  in  a  comparatively  short  time.  He  has 
observed  many  times  that  it  is  large  and  round  in  Septem- 
ber and  about  the  first  of  October,  becoming  slightly  elon- 
gated by  the  4th  or  5th,  and  very  much  elongated  by  the 
10th  or  11th,  and  a  mere  swelling  on  the  zodiacal  band  by 
the  18th.  I  do  not  pretend  to  assign  a  cause  for  this  phe- 
nomenon. It  does  not,  however,  seem  to  be  necessarily 
contradictory  to  the  theory  of  this  paper,  since  the  shape 
of  the  Gegenschein  would  depend  upon  the  thickness  of 
the  zodiacal  disc,  and  if  the  opposition  point  should  pass 
through  a  dense  meteoric  stream  it  might  change  its  form 
very  rapidly. 

3.  Numerical  applications.  The  expansions  (10)  are 
only  convergent  for  sufficiently  small  values  of  jc  and  tj. 
The  expansions  come  from  functions  of  the  form 

i/\(£u-£2+.ry  +  y +.■.=;. 

and  it  is  easily  seen  that  they  are  absolutely  convergent  so 
long  as  the  absolute  value  of 

2*/&-£) +  (**+*»+*■)/($,-£)■ 
is  less  than  unity.  In  order  to  get  an  idea  of  how  great 
the  values  of  x,  y  and  z  may  be  relatively,  suppose  the 
meteor  is  describing  an  ellipse  whose  major  axis  is  or- 
thogonal to  the  .'--axis.  Suppose  it  is  at  one  end  of  this  axis, 
and  that  the  orbit  is  in  the  .'//-plane.  Then  x  =  z  =  0, 
and  we  have  |y|<(f0— £*)•  Therefore  in  this  case  the 
limit  of  the  value  of  y  is  the  distance  of  the  opposition 
point  from  the  earth,  and  the  limit  of  the  elongation  of 
the  Gegenschein  from  the  opposition  point  is  45°,  giving  a 
total  length  of  90°,  which  is  more  than  three  times  as  great 
as  has  been  observed.  Of  course,  when  the  values  of  the 
variables  are  so  large  that  the  series  converge  slowly  the 
higher  terms  which  have  been  neglected  become  important, 
and  the  results  correspondingly  inexact.  We  should  not 
expect  the  Gegenschein  to  be  visible  more  than  10°  or  15° 
each  side  of  the  opposition  point. 

We  have  taken  the  unit  of  mass  so  that  S  +  E  =  1, 
the  unit  of  distance  so  that  £2—(i  —  1>  aiu^  tne  unit  of 
time  so  that  the  Gaussian  constant  A2  =  1.  Let  P  repre- 
sent the  year  expressed  in  mean  solar  days;  then  we  inaj 
determine  the  unit  of  time  in  days  by  the  equation 


kyJS+E 


=   305.25636 


This  gives  as  the  unit  of  time  58.1324  mean  solar  days. 
From  the  first  equation  of  (8)  we  find 

rw  =  £„-£,  =  .0100134  =  930,240  miles, 
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V   is:; 


tl»t>  di  m  the  earth.     The 

nial  horizontal  pavallas  oi  tin.-  point  is  less  than  L5'. 

moon      within 

rallaetic  displacemenl  i    would 

3    than    this.      II   it  were  possible  to  make 

;  lie  horizon  the  combined  effeel  of 

the  displai  i  w  d   the  distance  of  the 

observer  from  the  earth's  center  could  nol  cause  the  renter 

0f  the  ,.  to  i  e  opposition  poinl  bj 

LI)  we  find     .1        3.970566.     The 

period  of  <  ,•'■"■■  l';n'  '"  ''"'  «y-plane  is 

—     -  3.15322  =  L83.304  days 
i 
/■/,,    University  of  Chicago,  1900  March  10. 


Equation  (17)  becomes 

A1  -2.970566X2  -26.5401  18 

The  modulus  of  the  conjugate  imaginary  routs  of  this 
equation  is  a  =  2.61665.  The  period  of  oscillation  in 
i  he  icy-plane  is 

—   =   2.40124  =  139.6  days 

(T 

The  opposition  point  is  about  70,000  miles  beyond  the 
apex  of  the  earth's  shadow,  so  that  the  central  part  of  the 
Gegenschien  is  somewhat  dimmed  by  an  annular  eclipse  of 
the  sun. 


Note.      since  the  above  paper  was  sent  to  the  Editor 

of  the  A.J.,  Mr.  W.  S.  A.dams,  Fellow  in  Astronomy  at  the 

Yerkes  Observatory,  has  called  my  attention  to  a  memoir 

i,\  M.  Ih  ...i  i ,  ,  i  den  in  the  Bulletin  Astronomique,  Tome  1, 

ed,  "Sur  un  Cas   Particulier  du  Probleme  des  Trois 

M.  Gyldj  ates  the  conditions  of  stability 

of  I  he  Lagrangian  solutions  of  the  Problem  of  Three  P>odies, 

and  derives  results  similar  in  essence  i"  those  given  in  my 

:i  [a   complicated  notation,  making  five 

transform ations  of  variables,  and  obscuring  the  geometry 

of  the  problem.     Besides,  the   approximations   which   he 

need  are  such  thai  the  results  are  the  same  whatever 

be  the  relative  mass  of  the  planet.     The  method  of  my 

the  correct  results  to  small  quantities  of  the 

second  order,  the  period   being   unchanged  even  when  the 

terms  of  all  orders  are  included. 

Chi  paragraph  in  the  memoir  of  M.  Gtlden,  con- 

sisting of  the  following  reference  to  the  Gegenschein,  is  of 

"  Comme  on  est  porte  a  admettre  que  les  espaces  inter- 
planeTaires  sonl  traverse-  parune  multitude  de  corpuscules 
dont  les  directions  de  mouvement  el   Les  vitesses  sonl  bien 
diffe'rentes,  il  ne  parail    pa     trop  hardi  d'en  supposer  des 
as  retenus  da  centres  de  libration. 

fet,  il  n'est  pas  ne*cessaire  que  la  direction  et  la  vitesse 
du  mouvement  soient  t el le>  que  l'exigent  les  equations  1 1 1  ). 
pour  qu'il  se  form  i  orps  de  la  maniere 

que  uou  mvisage'e  dans  ce  qui  precede.     Peut-§tre 

e  tels  essaims 
..;  lueui  t  res  Eaible  que  nous  voj  ons    Lu  cSte*  du 
au  Soliel,  lueurque  I'on  a  supposee  §tre  en  con- 
nexion avec  la  lui  icale,  e1  qui  esl  appeMe  par  les 
Alleinands  le  'Gegenschi 

It    is   seen   that  this   is    precisely   the   hypothesis   of   my 

.  and   it  follows  that   M.  (ivi.oiN    is   entitled   to  all  of 

the  credit  which   may  come  from    having   suggested    such  a 


il v.     The  reason  that  it  was  overlooked  is  that  the  title 

of  the  memoir  gives  no  indication  that  it  mentions  the 
Gegenschein,  and  that  it  was  unknown  to  Professor  Bar- 
nard, who  furnished  me  with  the  bibliography  of  the  sub- 
ject. It  seems  to  have  been  overlooked  also  by  all  previous 
writers  on  the  theory  of  the  Gegenschein. 

There  is  one  fact  worthy  of  mention  given  in  M.  Gyliu  n's 
memoir  which  had  escaped  my  notice.  It  is  that  the  eccen- 
tricities of  all  of  the  possible  elliptic  orbits  of  the  infini- 
tesimal body  are  the  same.  It  follows  equally  from  the 
results  of  my  paper.  It  has  been  seen  that  in  the  periodic 
solutions  Xl  =  V^Io-.  Then  substituting  (19)  in  (16), 
we  have 

-(o-2+l  +  2,l)(«1+V^i«,>)-'-V-lo-(/31  +  V=lft)  =0    («) 
a- +  1+2  A 

Let 


then 


(7 

A 

= 

EKj 

A 

= 

—  £«o 

Substituting  (b)  in  (22),  it  becomes 


^7  + 


r 


=  i 


(?) 


00 


4  («r +«.,-)     4£'J«'+fv) 
Then  the  eccentricity  is  given  by  the  equation 

c 

Referring  to  the  numerical  values  of  o-  and  A,  it  is  found 
that  e  =  0.94982.  M.  Gylden's  less  exact  methods  gave 
e  =  0.9502.  It  is  also  noticed  from  (c)  that  the  axes  of 
the  ellipse  coincide  with  the  x  and  //-axes. 

The  method  of  ML  Gi  i  io's's  memoir  gives  as  the  period 
of  revolution  in  the  r//-plane  176.32  days,  instead  of  the 
correct  period  of  176.98  days  given  in  my  paper.  The 
deviation  would  be  much  more  marked  in  the  case  of  a 
large  planet. 
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OBSERVED   MAXIMA   AND   MINIM 

By  PAUL   S 

The  subjoined  dates  are  the  results  of  my  observations 
of  short-period  stars,  not  heretofore  published,  up  to  the 
beginning  of  the  year  1900. 

2279.     T  Monocerotis. 

Twenty-two  observations  of  this  star,  from  1896  Dec.  4 
to  1899  Nov.  4,  yield  the  following  dates  of  maxima  and 
minima,  by  the  use  of  a  mean  light-curve  : 

Minima  Obs. 

1S96  Dec.  26.10  3 

is: 1 7  Jan.   23.32  1 


L  OF   SHORT-PERIOD   VARIABLES, 

YEN"  DELL. 

G984.      UAquilae. 
Seven  observations  in  1897,  and  thirteen  in  1899.     The 
follcwing  maxima  and  minima  are  shown  by  the  mean  light- 
curve  : 


Maxima 

Ob 

1897  Jan.     4.71 

3 

Feb.      1.69 

4 

189S  Jan.   17.07 

4 

1899  Oct.     4.58 

1 

6404.      ¥  Ophiucht. 

During  the  seasons  of  1897  and  1899,  I  observed 
Y  Ophiuehi  twenty-five  times.  The  following  dates  of 
maxima  are  indicated  : 

Maxima. 

1897  1899  1899 

June  28.5       wt.4    |    July  1.8       wt.3    |    Aug.  6.2       wt.  3 

6472.      W  Sagittarii. 

Eight  observations  in  1897,  and  twenty-two  in  L899, 
show  maxima  and  minima  as  follows,  by  the  use  of  a  mean 
light-curve  : 


Maxima 

Obs. 

Minima 

Obs. 

1897  June  20.85 

3 

1S97 

June  25.54 

3 

28.23 

July     5.!  17 
1899  June  28.84 

1 
2 

3 

1S99 

July    2.86 

Aug.     1.36 

8.38 

3 
1 
2 

July  28.79 

4 

Sept.    7.30 

o 

Sept.       3.51 

1 

6573.      1'  Sagittarii. 

Eight  observations  in  1897,  and  nineteen  in  1899.  The 
following  maxima  and  minima  are  found  by  the  use  of  a 
mean  light-curve : 


Maxima 

Ob 

1897  June  25.71 

2 

July     6.46 

o 

1S99  July  27.1(1 

2 

Aug.     1.70 

1 

8.47 

3 

13.48 

i 

30.34 

i 

Sept,    5.93 

3 

Minima 

1897  June  22.83 

28.31 

1899  July     1.74 

30.54 


Obs 


6636.      U  Sagittarii. 

Seven  observations  in  1897,  and  seventeen  in  1899.  The 
application  of  a  mean  light-curve  shows  the  following 
maxima  and  minima: 


Maxima 

(ib.« 

1897  June  24.04 

:: 

July     8.63 
1899  June  28.78 

o 

July     I.:;''. 
31.57 

1 

3 

Aug.     7.57 

3 

1  1.51 

1 

Sept.     3.79 

2 

Minima 

1897  June  20.05 

28.40 

1899  Julv     2.7  1 

29.00 

Aug.  25.97 

Sept.    6.89 


Obs. 
1 

1 
2 

1 
1 
1 


Maxima 

L897  dune  18.90 

26.92 

Julv      4.42 

1S99  Aug.      2.95 

9.42 

23.35 

30.42 

Sept.    6.1* 

18.8 


(Hi-. 


Minima 
L897  June  28.86 
1899  July  31.07 

Aug.     7.-'!7 
26. 1 


Obs. 

2 

1 

1 
1 


•  From  single  curve,  wt.  4. 

7149.     SSagittae. 
I  have  eleven   observations    of    this   star  in    1897,   and 
sixty-four  in  1899.     The  following  maxima  and  minimaare 
shown  by  the  single  curves  : 


Maxima 

Wt. 

Minima 

Wt. 

1897  June  21.2 

1 

189" 

June  25.1 

4 

L899June  12.5 

3 

1899  July     2.6 

3 

29.1 

2 

Sept.    8.7 

3 

July  31.4 

3 

15.4 

o 

Aug.     9.4 

3 

Nov.     6.7 

2 

Sept.  21.3 

4 

7 1."7.     X  ( 'ygni. 
I  have  fourteen  observations  of  X  Cygni  in   1897.  and 
sixty-live  in  1899.     The  single  curves  show  maxima  and 
minima  as  follows  : 


Maxima 

L899July     G.6 

26.3 

Aug.     9.2 

25.0 

Sept.  11.0 

28.1 


Minima 

1897  June  22.9 

1899  Julv   17.2 

Aug.    4.2 

16.4 

Sept.      4.6 

22. 1 

Oct.      7.o 
Nov.     9.0 


Wt. 
4 
3 

I 

3 
4 

1 
I 


7  183.      T  Vulpeculae. 
I  have  twelve  observations  of  this  star  in  L897,  and  fifty- 
rive    in    1899.     The    application    of   a   mean   curve 
maxima  and  minima  as  follows  : 

Minim  \ 


Maxima 

1897  dune  17.65 

22.79 

26.54 

1899  dune  10.35 

28.67 

Julv     2.92 

29.39 

25.67 

29.92 

7.34 

11.54 

20.58 


Aug. 

Sept 


Obs. 

1 
1 


1897  May   29. 1 1 

June  1<e  13 
21.35 
25.40 

July  8.42 
L899  June  L3.37 

July  1.40 
31.98 

Aug.  5.N2 
1  1,69 

Sept.  6.35 
L0.39 
23.33 


Obs. 

I 
1 

1 
1 
1 
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8598.      UP 

1897 

1  have  observations  of   V  Pegasi  as  follows:    in 

L896, 

Oct.      2 

8     11 

2     8.95 

Oct. 

26 

Ki  37 

3 

9.39 

eighty-six;  in   L891                  even;  in   L899,  one  hundred 

26 

8  11 

5     8.89 

\ i'ntv.     The  observed  dates  of  maxima  and  minima 

1899 

are  as  follows.     The  time  given  is  Local  Mean  Time. 

Aug.  30 

9  37 

2     8.73 

Sept 

1 

13     1 

5 

9.57 

1  8  h; 

Sept.    1 

lti  50 

4     9.05 

4 

1  1  22.5 

4 

9.58 

Maxima            N't.    Mag. 

!i       in 

Minima            Wt. 

h        m 

Mag. 

4 
6 

12     6.5 

9  7.1 

1  8.97 
1     8.95 

9 

1  1 

11   25 

13     1 

3 
4 

9.66 
9.39 

\          8     LO  31.5     3     8.92 

Sept.  1  1      LO   15       1 

9.60 

9 

13   1" 

1     8.98 

23 

8  30 

;-; 

9.60 

1       9   18.5      1     8.95 

26       9  46      -1 

9.46 

11 

in  50 

1     9.05 

24 

11     2 

4 

9.53 

0  '     31       8  27.0     1     S.98 

27       8  29      1 

9  1  1 

24 

13  .".7 

3     8.98 

28 

9  35 

1 

9.40 

\          2      6  33.0    3     8  82 

30      9     8      l 
Oct.    31       6  36      3 
Nov.     2       8  11      4 

9.42 
9.46 
9.56 

"7 
Oct.       1 
Vorehes 

8  22 
er,  1900  \U 

1  8.95 
3    8.96 

;/  l. 

30 

8  53 

3 

9.41 

III 


GREAT    [NEQUALITY   OF    EROS   AND   THE    EARTH, 

By  HENRY   XORRIS   RUSSELL. 


The  period  of   Eros  is  verj  nearly  If   years.     The  per- 

e  i'\   bhe  Earth  depending  on 

in;:. mii      7 v  —  Aif     (</   being-   the   mean   anomaly  of 

Eros  and  ,'/'  that  of  the  Earth  i,  is  therefore  of  long  period. 

L  rough    cah     atiou   shows   thai    it  is  enormously  large, 

ines  displacing  Eros  1>\  over  a  degree  of  geocentric 

longitude. 

The  pari  ol  this  term  depending  on  the  direct  action  of 
irth  is  of  the  3d  order  in  the  eccentricities,  and  that 
depending  on  the  indirect  action  is  of  the  11th,  and  there- 
fore may  be  neglected.     The  perturbative  function  reduces 
to  the  reciprocal  of  the  distance  of  the  planets,  which  was 
mined  graphically,  and  the  perturbative  function  ex- 
panded by  LeVerbier's  method  of  interpolation,  the  orbits 
being  divided  into  lti  parts  with  reference  to  the  mean 
i  lies. 
The  perihelion  of  Eros  is  2°  from  its  descending  node, 
and  thai  of  the  Earth  about  20°  from  the  same  point.     By 
assuming  that  all  three  were  coincident,  the  length  of  the 
calculation  was  halved,  on  account  of  the  resulting  sym- 
The  results  obtained  for   this    hypothetical    case 
cannot  be  very  different  from  those  in  the  actual  case. 

The  terms  in  the  perturbative  function  on  which  long- 
period  perturbation-  depend  are 

•  0  0893  cos37  cosl  (g'-g) 
+  0.0500  sin.'w  sin  I.  </'-,/) 
+  D.027       COS  6.7    cos*  (  7'- 7) 

The  first  two  of  these  arc  equivalent  to 

+0.0697  cos (7g-4g')  +  0.0197  oos(4g'-g) 

:         to  the  long-period  term.      To 
find  the  perturbation  dp  of  the  mean  longitude  we  have 


dp  =   —  3a 


o 


069i 


'! 


where  a  is  the  major  axis  of  Eros,  p.  its  mean  motion,  yJ 
.  and  in'  the  Earth's  ma 
Pi  'v.   II May  12. 


Substituting 
log  a  =  0.1  6379, 

we  obtain 


P  =  201.V.233, 

p<  =  3548".193 

dp  =  +747"  sin  (7,7- I.7' 1 


'"'     =     .1  ,••.'* 


The  period  of  this  term  is  41.24  years  —  very  short  for 
so  large  a  perturbation. 

The  term  involving  l-i'j  —  8;/'  is  also  large.  Since 
the  coefficient  of  sin  6_7  sinS(g'—g)  has  not  been  calcu- 
lated, the  coefficient  of  this  term  has  not  been  deter- 
mined, but  it  appears  from  the  value  of  the  coefficient 
of  cos6gcos8(g'—g)  that  it  is  probably  not  far  from 
4  0.020,  which  would  give  the  perturbation 

dp  =   +100"  sin  (14;/ -8-7') 

The  geocentric  displacement  of  Eros  may  be  much  greater 
than  750".  When  opposition  occurs  when  the  planets  are 
about  40°  past  perihelion,  Ig  —  ig1  =  90°,  and  the  displace- 
ment of  Eros  in  mean  longitude  is  a  maximum.  But  in 
this  position  the  geocentric  distance  of  Eros  is  about  0.23, 
and  the  heliocentric  distance  1.20,  so  that  the  geocentric 
displacement  of  Eros  is  five  times  the  heliocentric.  Since 
Ei-os  is  near  perihelion,  the  change  in  its  heliocentric  longi- 
tude is  1.4  times  that  in  its  mean  longitude.  The  displace- 
ment of  Eros  by  750"  in  mean  longitude  thus  produces  one 
of  about  5200"  in  geocentric  longitude,  or  about  1-J  degrees. 
When  opposition  occurs  the  same  distance  on  the  other 
side  of  perihelion,  the  displacement  is  equal  and  of  oppo- 
site sign.  The  whole  range  of  the  effect  of  the  great  in- 
equality on  the  geocentric  place  is  nearly  three  degrees. 
This  great  perturbation  of  Eros,  running  its  course  in  about 
forty  years,  will  give  eventually  one  of  the  best  determi- 
nations of  the  Em-th's  mass. and  thus  ;i  second  determination 
of  the  solar  parallax,  quite  independent  of  that  derived  1>\ 
geometrical  methods  from  the  same  planet. 


CON  T E N T S  . 

\     M  :  111  I  '..    BY    V      R,    MOI   I.l  "N. 

Observed  Maxima  and  Minima  01    Short-Period  Variables,   b\    Paui    S.   STendell. 
rnE  Great  [nequality  of  Eros   vnd   iiii.  Earth,   bi    Henri    NTorris  Russell. 
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THE  GENERAL  PERTURBATIONS  OF  THE  MAJOR  AXIS  OF  EROS, 
BY  THE  ACTION  OF  MAItS, 

By  HENRY   NORRIS    RUSSELL. 


The  most  interesting  of  the  perturbations  of  Eros,  from 
a  theoretical  standpoint,  are  those  caused  by  Mars.  The 
periods  of  the  two  are  nearly  equal,  and  their  orbits  inter- 
lock. The  disturbing  force  consequently  varies  greatly  in 
magnitude,  and  may  have  any  direction  whatever.  .Since 
Eros  is  sometimes  nearer  the  sun  than  Mars,  and  sometimes 
more  remote,  the  development  of  the  perturbative  function 
proceeding  by  powers  of  the  ratio  of  their  radii  vectores 
gives  rise  to  a  divergent  series.  The  magnitude  of  the  eccen- 
tricities and  inclinations  makes  development  in  ascending 
powers  of  these  quantities  undesirable.  Methods  depend- 
ing on  mechanical  quadrature  seem  therefore  best  adapted 
to  this  case. 

In  the  present  investigation  LeVeerieb's  method  of  in- 
terpolation *  has  been  employed.  It  has  been  found  to 
possess  the  following  advantages  : 

(1)  It  can  be  applied  equally  well,  however  great  the 
eccentricities  and  inclinations. 

(2)  It  gives  the  coefficient  of  each  term  directly,  and 
not  by  a  more  or  less  slowly  convergent  series. 

(3)  Accidental  errors  of  calculation  are  almost  sure  to 
be  detected,  if  of  serious  magnitude. 

(4).  The  coefficients  are  obtained  as  fractions  with  a 
large  denominator,  and  hence  may  safely  be  carried  to  at 
least  one  more  place  of  decimals  than  the  body  of  the 
work. 

(5)  The  work  can  be  carried  on  simultaneously  by 
several  computers. 

This  method  has,  however,  two  serious  disadvantages  : 

(1)  A  large  number  of  useless  terms  must  usually  be 
computed  in  order  to  get  all  the  sensible  ones. 

(2)  The  derivative  of  the  perturbative  function  with 
respect  to  the  elements  must  all  be  computed  and  expanded 
into  series  separately,  since  this  method  gives  only  the 
numerical  values  of  the  coefficients,  and  these  cannot  be 
differentiated. 

The  present  investigation  was  originally  intended  to  in- 


*Ann<tlesilcrUlixemit<iin  tie  Paris,  Tome  1,  pp.  Kl'.l-llH,  137-151. 


elude  a  determination  of  the  general  perturbations  of  all 
the  elements  of  Eros  by  Mars.  The  great  extent  of  the 
numerical  developments,  however,  finally  necessitated  the 
limitation  of  the  work  to  those  of  the  major  axis,  and  the 
corresponding  terms  in  the  mean  longitude.  It  was  desired 
to  obtain  all  terms  whose  coefficients  were  greater  than 
0".005.  This  has  been  done,  except  for  a  few  small  long- 
period  terms  of  very  high  order,  whose  determination  did 
not  seem  worth  while  till  the  elements  of  Eros  are  more 
accurately  known. 

The  elements  of  Mars  used  as  basis  of  the  work  are 
Nkwcomb's,  from  p.  182  of  his  "Fundamental  Constants  of 
Astronomy,"  brought  up  to  1900.0  by  the  secular  variations 
on  p.  186.     The  mass  of  Mars  is  Hall's  (p.99of  same  work). 

Those  of  Eros  are  from  an  original  computation  (pub- 
lished in  A.J.  473)  brought  up  to  the  equinox  of  1900.0. 
They  differ  but  little  from  the  results  of  the  more  elaborate 
investigations  of  Millosevich*  and  OsTEN.f 

Elements  of  Mars. 
Epoch  =  1900  Jan.  0,  Gr.  M.T. 

M  =  319°  47  T:;7 
Q   =     48  47     9.34  ) 
i  =       1  51     1.32  '- 
7T  =  334  13     7.04 
5  21   14.39 
1886".51S297 
log  re   =  0.1828971 


■  1900.0 


7    = 


SlJUTBoSUT 


Elements  of  Eros. 


Epoch 

.1/ 
9, 


log  re  = 


1900  Jan.  0,  Gr.M.T. 

133°5712'7 
303  31   41.5) 
10  49  31.6     I'.hmi.h 

121   10  48.;;) 

12  52  14.2 
2015".2326 
0.1637876 
0 


(25) 
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Dr.  Chandler's  value  of   the  mean    motion    has   been 
ed,  since  it  depends  on  the  observations  of  1894  ami 
598  '.''.'. 
In  com]. nt in-  tlio  values  of  the  perturbative  function  tin' 
■  tl.it   was  chosen  as  fundamental    plain', 
and  tin'  axes  of  .<■  pass.'.!  through  tin'  ascending  node  of 
on  tins  plani  and  rectangular  co- 

ordinates of   the    planets  being   computed    for   as    many 
values  of  the  moan  anomaly  as  was  necessary,  the  remain- 
ing  work  involved   only  logarithms   of   numbers,    which 
..f  time.     Four  decimal  places 
sufficient. 
The  angles  £  and  £',  which  were  chosen  as  fundamental 
arguments,  were  respectively  the  mean  anomaly  g1  of  .'/"'•■-•. 
ami  the  difference  g—g'  of  those  of  Eros  ami  Mars. 

The  circumference  was  divided  into  64  parts  with  re- 
to  £',  ami  sometimes  into  16  parts  and  sometimes 
into  S  with  respect  to  £.  In  all,  800  values  of  the  pertur- 
bative function  were  computed.  The  final  results  contain 
25]  sensible  terms  in  the  perturbations  of  the  major  axis, 
and  109  in  the  mean  longitude. 

Some  of  the  perturbations   of   the    mean  longitude  are 
quite  large.     They  are  given  in  the  following  table : 

Term  Period  in  Years 

+    1".C>9  cos(     <j-     ;/'+  20°  50')  27.40 

+   9".42  cos(  2//-  2//'  +   28°  35')  13.70 

+   1".59  cos(  3//-  ;V  +  176°  40')  9-13 

+  2".37  cos  (13/7- 14//' +195°  30')  16.2 

+11".59  cos(14//-15//'  +  344°     6')  40.8 

+  22".sl  cos  (15// -16;/' +136°  42')  78.0 

+11".85  cos(29?-31</'  +  330o    5')  85.5 

+  35"  cos(44//-47;/'  +   10°)  890? 

The  greatest  displacements  of  Eros  in  mean  longitude 
by  the  combined  effects  of  all  but  the  last  of  these  terms 
during  the  20th  century  are  +38"  in  1927,  and  —53"  in 
L959. 

The  last  term  in  the  above  table  was  obtained  by  an  ex- 
.■  extrapolation,  and  should  only  be  considered  as  an 

Lndicati I  :  of  magnitude  of  the  true  value.      Its 

integrating  divisor  is  uncertain,  as  a  decrease  of  less  than 

,  the  adopti  d  y        Eros  would  make  it  zero.     What- 

,ue   it   may   be   shown    that  this    term   will    not 

sensibly  affect  the  planet's  place  as  derived  from  elements 

based  on  observation  foi     ome  I.",  years  to  come,     [1  i    oi 

I  B 

cosn£-r       mii///.     where  A  and  B  are  func- 

ri-  n  - 

tions  of  the  element-,  which  change  very  little  for  relatively 
large  changes  of  n,  and  may  be  expanded  into  the  series 

■'       7'\         ,  r~         i-    ' 

-  /-».,,+  •   ■   • 


The  first  two  terms  are  included  in  the  epoch  and  mean 
motion  derived  from  observation.  The  third  is  almost  in- 
dependent of  w,  and  the  re  t vanish  with  n.  With  the  value 
of  n  resulting  from  the  assumed  mean  motion  of  Eros  the 
numerical  value  of  this  series  is 

_21"  +  0".194  («-1900)  +  0".00048 (t— 1900)2 

-0".0( til.-. ,/- l'.nti))3-  .... 

t  being  expressed  in  years. 

The  third  term  amounts  to  only  <i".l  in  fifteen  years. 

The  uncalculated  terms  previously  referred  to  are  those 
whose  arguments  are 


32,/-:  lb,' 

,     33g  _  35//' 

43//  -  40//' 

15'/    —    IS'/', 

590  _  63$r' 

,     73//-7S,/' 

,              and 

88y  -  94//'. 

These,  coefficients  are  at  most  a  few  hundredths  of  a 
second  of  arc. 

The  following  summary  of  the  results  of  the  present  in- 
vestigation may  be  of  interest : 

(1)  It  has  been  shown  by  actual  computation  that 
LeVerrier's  method  of  interpolation,  which  is  theoreti- 
cally capable  of  solving  any  case  of  general  perturbations, 
will  solve  the  case  of  Mars  and  Eros  practically,  that  is, 
without  a  prohibitive  amount  of  labor. 

(2)  It  has  been  found  that  the  "  great  inequality,"  of 
period  about  1000  years,  will  not  affect  the  place  of  Eros 
sensibly  during  the  next  dozen  years,  after  which  time  it 
may  be  approximately  determined. 

(3)  The  perturbations  of  moderately  long  period  are 
much  the  largest  produced  by  Mars  on  any  planet.  They 
may  displace  Eros  by  90"  in  mean  longitude;  and  since  at 
a  perihelion-opposition  any  change  in  the  mean  longitude 
of  Eros  produces  one  ten  times  as  great  in  its  geocentric 
longitude,  the  measurement  of  this  displacement  will 
eventually  lead  to  a  valuable  determination  of  the  mass  of 
Mars. 

The  numerical  results  obtained  are  given  in  the  follow- 
ing table.  The  first  column  gives  the  coefficients  of  the 
two  fundamental  arguments,  £  (the  mean  anomaly  of  Mars  |, 
and  £'  (the  mean  anomaly  of  Eros  minus  that  of  Mars)  in 
the  argument  of  the  terms  whose  coefficients  are  given  on 
the  same  horizontal  line.  The  second  and  third  contain 
the  coefficients  of  the  cosine  and  sine  of  this  argument  in 
the  expansion  of  the  perturbative  function,  which  are 
given  for  purposes  of  comparison  with  the  results  of  future 
calculations.  The  fourth  and  fifth  give  the  coefficients  of 
the  cosine  and  sine  of  the  argument  in  the  perturbations 
of  log  n.  and  the  sixth  and  seventh  the  same  for  the  mean 
longitude. 
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Argument 

Perturbative  Function 

Pertbs 

log  a 

Pertbs.  mean  long. 

Perturbative  Function 

Pertbs.  log  a 

Pertbs.  mean  long. 

in  units  of  4th  place 

in  units  7th  pi. 

in  seconds  of  arc 

Arg 

in  units  of  4th  place 

in  units  7th  pi. 

in  seconds  of  arc 

c     r 

cos 

sin 

cos 

sin 

cos 

sin 

£ 

V 

cos 

sin 

cos        sin 

cos 

sin 

0         0 

+  7364.87 

0.00 

0.0 

0.0 

0.00 

0.00 

1 

+   3 

+  453.44 

+1781.17 

+  0.5    +1.9 

+  0.12 

-0.03 

0   +   1 

+ 

84.07 

+ 

221.39 

+  0.5 

+  1.4 

+  1.58 

-0.60 

1 

+   4 

+419.52 

-  1243.72 

+  0.6   -1.7 

-0.10 

-0.03 

0   +   2 

+1257.56 

+: 

311.15 

+8.  1+14.8 

+  8.26 

-4.50 

1 

+   5 

-561.82 

+447.27 

-0.9   -0.7 

+  0.04 

+  0.05 

0  +  3 

+ 

36.68 

_ 

665.89 

+  0.2 

-4.3 

-1.59 

-0.09 

1 

+   6 

-217.31 

-   10.31 

+  0.4       0.0 

0.00 

-0.02 

0    +   4 

+ 

171.77 

— 

207.43 

+  1.1 

-1.3 

-0.37 

-0.31 

1 

+   7 

+  99.59 

+   28.40 

+  0.2   +0.1 

0.00 

-0.01 

0   +   5 

_ 

572.04 

+ 

200.84 

3.7 

+  1.3 

+  0.29 

+  0.82 

1 

+   8 

-  138.17 

-101'. si 

-0.3  -0.4 

-0.02 

+  0.01 

0   +  6 

+ 

550.48 

+ 

115.27 

+  3.5 

+  0.7 

+  0.14 

-0.66 

1 

+    9 

+     6.90 

+235.09 

0.0   +0.6 

+  0.03 

0.00 

0   +   7 

_ 

261.39 

_ 

21.-..:;  7 

-1.7 

-1.6 

-0.25 

+  0.20 

1 

+  10 

+  84.93 

-136.18 

+  0.2   -0.3 

-0.02 

-0.01 

0   +   8 

+ 

37.58 

+ 

122.99 

+  0.2 

+0.8 

+  0.11 

-o.o:; 

1 

+  11 

-  59.75 

+  25.30 

-0.2   +0.1 

0.00 

+0.01 

0   +   0 

_ 

16.52 

+ 

32.73 

-0.1 

+  0.2 

+0.03 

+  0.01 

1 

+  12 

-    12.96 

+     2.47 

0.0      o.o 

0.00 

0.00 

0   +10 

+ 

92.90 

_ 

70.30 

+  0.6 

-0.4 

-0.05 

-0.06 

1 

+  13 

+   44.71 

+  30.93 

+  o.l    +0.1 

0.00 

-0.01 

0   +11 

_ 

125.00 

+ 

16.96 

-0.8 

+  0.1 

+  0.01 

+  0.08 

1 

+  14 

-   21.21 

-  55.96 

-0.1    -0.2 

-0.01 

0.00 

0   +12 

+ 

82.58 

+ 

21.21 

+0.5 

+  0.1 

+  0.01 

-o.o:. 

1 

+  15 

-   12.54 

+  44.26 

o.o  +0.1 

+  0.01 

O.oo 

0   +13 

_ 

"2  72 

_ 

31. I'll 

-0.1 

-0.2 

-0.02 

+  0.01 

1 

+  16 

+   20.34 

-   13.80 

+  0.1       0.0 

0.00 

0.00 

0   +14 

+ 

0.92 

_ 

3.52 

0.0 

0.0 

0.00 

0.00 

1 

+  17 

-     2.62 

-     3.56 

0.0       0.0 

0.00 

0.00 

0   +15 

_ 

15.40 

+ 

22.00 

-0.1 

+  0.1 

+  0.01 

+  0.01 

1 

+  18 

+     8.28 

-     2.93 

0.0      0.0 

0.00 

0.00 

0   +10 

+ 

29.86 

_ 

12.49 

+  0.2 

-0.1 

-0.01 

-0.01 

1 

+  19 

+   13.43 

+   14.00 

0.0      0.0 

0.00 

0.00 

0   +17 

_ 

25.79 

_ 

4.65 

-0.2 

0.0 

0.00 

+  0.01 

1 

+  20 

-     0.72 

-    19.50 

0.0   -0.1 

0.00 

0.00 

0   +18 

+ 

10.62 

+ 

11.28 

+  0.1 

+  0.1 

+  0.01 

-0.01 

1 

+  21 

-   10.73 

+   11.29 

0.0       0.0 

0.00 

0.00 

0   +19 

— 

0.24 

_ 

4.2s 

0.0 

0.0 

0.00 

0  00 

1 

+  22 

+      0.02 

-     0.06 

0.0       0.0 

0.00 

0.00 

0   +20 

+ 

1.14 

_ 

1.47 

0.0 

o.o 

0.00 

O.OO 

0   +21 

_ 

7.85 

+ 

4.17 

0.0 

0.0 

0.00 

0.00 

o 

-31 

-     0.72 

+      1.46 

-0.1   +0.2 

-0.11 

-0.06 

0   +22 

+ 

10.60 

+ 

3.71 

+  0.1 

0.0 

0.00 

II.  IMI 

2 

-30 

+     1.85 

+     0.18 

+  0.5   +0.1 

-0.08 

+  0.84 

0   +23 

— 

6.43 

+ 

3.09 

0.0 

0.0 

0.00 

o.oo 

2 

2 

-29 

-28 

-     2.926 
+     0.66 

-  4.856 

-  0.42 

+  1.7    +2.9 
-0.1   +0.1 

+10.2.-. 
+  0.05 

-5.90 

+  0.08 

1   -31 

_ 

2.12 

_ 

2.85 

0.0 

0.0 

0.00 

o.oo 

2 

-27 

+     0.09 

+     0.74 

0.0       0.0 

-0.02 

0.00 

1    -30 

+ 

0.65 

+ 

5.04 

0.0 

+  0.1 

0.00 

0.00 

2 

-26 

-      1.24 

-      2.42 

+  0.1    +0.1 

+  0.01 

-0.02 

1    -29 

+ 

0.31 

_ 

5.68 

0.0 

-0.1 

+  0.01 

0.(10 

2 

-2r, 

+     0.23 

+     8.70 

0.0   -0.3 

-O.OS 

0.00 

1   -28 

_ 

1.86 

+ 

5.27 

0.0 

+  0.1 

-0.01 

0.00 

2 

-24 

+      5.54 

-      2.01 

-0.2   +0.1 

+  0.01 

-r  0.03 

1   -27 

+ 

1.S7 

+ 

0.65 

0.0 

0.0 

0.00 

0.00 

2 

-23 

-     0.38 

-      1.73 

0.0       0.0 

+0.01 

0.00 

1   -26 

_ 

().'.I7 

+ 

3.27 

0.0 

0.0 

0.00 

0.00 

2 

—  22 

-     5.86 

+     3.21 

+  0.1   -0.1 

-0.01 

-0.02 

1    -25 

_ 

1.19 

+ 

4.60 

0.0 

+  0.1 

-0.01 

0.00 

2 

-21 

+  12.38 

-     2.13 

-0.2       0.0 

0.00 

+  0.03 

1   -24 

+ 

4.34 



5.28 

+  0.1 

-0.1 

+  0.01 

+  0.01 

2 

-20 

-   12.66 

-     9.36 

+  0.2   +0.1 

+  0.02 

-0.02 

1   -23 

_ 

6.79 

+ 

3.37 

-0.1 

+  0.1 

-0.01 

-0.02 

2 

-19 

+     5.84 

+   13.16 

-0.1   -0.2 

-0.02 

+  0.01 

1    —22 

+ 

3.84 

_ 

0.31 

+  0.1 

0.0 

0.00 

+  0.01 

2 

-18 

+     0.00 

+  23.97 

0.0   -0.2 

-0.02 

0.00 

1    -21 

+ 

2.S7 

+ 

2.01 

+  0.1 

0.0 

-0.01 

+  0.01 

2 

-17 

+     8.04 

-      6.47 

-0.1   +0.1 

0.00 

+  O.OI 

1    -20 

_ 

6.32 



9.26 

-0.2 

-0.2 

+  0.05 

-0.03 

2 

-16 

-   26.00 

+     8.15 

+  0.2   -0.1 

-0.01 

-0.02 

1    -19 

+ 

1.29 

+ 

17.00 

0.0 

+  0.5 

-0.12 

+  0.01 

2 

-15 

+   39.82 

+     7.57 

-0.3  -0.1 

0.00 

+  0.02 

1   -18 

_ 

14.02 



17.33 

-0.5 

-0.5 

+  0.20 

-0.16 

2 

-14 

-   29.56 

+     4.74 

+  0.2       0.0 

0.00 

-0.01 

1    -17 

_ 

10. In 

+ 

5.60 

-0.5 

+  0.3 

-0.13 

-0.26 

•  > 

—13 

+     9.84 

+    19.68 

0.0   -0.1 

-0.01 

0.00 

1    -16 

_ 

0.86 



1.80 

-0.1 

-0.1 

+0.12 

-o.o.-. 

2 

-12 

-  15.67 

+   12.S8 

+  0.1   -0.1 

0.00 

0.00 

1    -15 

+ 

17.20 

+ 

1  7.S2 

+  4.8 

+  5.0 

-16.22  +  15.65 

2 

-11 

4    68.92 

-  33.52 

-0.3   +0.1 

+  0.01 

+  0.02 

1   -14 

_ 

13.63 



48.00 

+  1.9 

+  6.6 

+11.14 

-3.17 

2 

-10 

-137.08 

+     1.48 

+  0.4       0.0 

0.00 

-0.03 

1    -13 

_ 

1S.51 

+ 

67.01 

+  0.9 

-3.1 

-2.2S 

-0.63 

2 

-   9 

+  146.52 

+  77.33 

-0.4   -0.2 

-0.01 

+  0.02 

1    -12 

+ 

16.11 



47.11 

-1.3 

+  1.4 

+  0..-.7 

+  0..-.6 

9 

-  8 

81.53 

-102.58 

+  0.2   +0.2 

+  0.01 

-0.01 

1   -11 

_ 

22.63 

+ 

10.58 

+  0.4 

-0.2 

-0.06 

-0  13 

9 

_    7 

+  35.32 

-     5.66 

-0.1       0.0 

0.00 

0.00 

1    -10 

_ 

52.99 

_ 

29.60 

+  0.7 

+  0.4 

+  0.10 

-0.18 

9 

-   6 

-174.23 

+  167.85 

+  0.3  -0.3 

-0.01 

-0.01 

1   -   9 

+ 

99.66 

+ 

142.99 

-1.0 

-1.4 

-0.29 

+  0.20 

2 

-   5 

+  519.82 

-168.31 

-0.7   +0.2 

+  0.01 

+  0.03 

1-8 

_ 

26.05 



275.31 

+  0.2 

+  2.1 

+0.36 

-o.o:: 

2 

-   4 

-819.58 

154.22 

+  0.8    +0.2 

+  o.oi 

-  0.01 

1-7 

_ 

123.87 

+ 

276.08 

+  0.7 

-1.6 

-0.24 

-0.11 

2 

-   3 

+  776.66 

■i  652.36 

-0.6   -0.5 

-0.02 

+0.02 

1   -   6 

+ 

135.21 

_ 

114.11 

-0.6 

+  0.5 

+  0.07 

+  0.0S 

2 

2 

-359.59 

+220.33 

+0.2   -0.1 

0.00 

-0.01 

1-5 

+ 

L66.70 

+ 

38.65 

-0.5 

-0.1 

-0.01 

+  O.06 

•  . 

-   1 

+  132.32 

+  540.39 

0.0   -0.1 

0.00 

0.00 

1-4 

_ 

608.52 

_ 

423.06 

+  1.5 

+  1.0 

+  0.11 

-o.l.-. 

•  . 

+   0 

-  138.84 

t      10.07 

0.0      0.0 

0.00 

0.00 

1-3 

+ 

62S.74 

+  1344.53 

-1.0 

-2.0 

-0.21 

+  0.10 

2 

+    1 

+  624.14 

+     7.45 

+  0.1       0.0 

0.00 

0.00 

1-2 

+ 

223.90 

_ 

2201.60 

-0.2 

+  2.2 

+  0.20 

+0.02 

■_> 

+   2 

-275.09 

1  899.25 

-0.1    +0,1 

4  o.ol 

0.00 

1    -    1 

_ 

550.88 

+  1  159.76 

+  0.3 

-0.7 

-0.06 

-0.02 

" 

+   3 

-    62.14 

-     7.40 

0.0       0.0 

0.00 

0.00 

1   +  0 

_ 

27.16 

+ 

27:;.  lo 

0.0 

0.0 

11.00 

ii. no 

2 

+   4 

+    86.72 

+  194.20 

+  0.1    +0.4 

+  0.01 

0.00 

1   +   1 

+ 

618.52 

+ 

299.92 

+  0.3 

+  0.1 

+  0.01 

-0.02 

•  > 

+    5 

+  283.86 

-    :.70.I0 

+  0.3   -0.5 

-0.02 

-0.01 

1+2 

- 

784.04 

- 

967.20 

-0.6 

-0.8 

—  0.05 

+0.04 

2 

+   6 

-524.93 

+  284.79 

-0.6   +0.3 

+  0.01 

+  0.02 
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Perturbativi 

Function 

Pei  i  bs.  log  a 

Pertbs.  mean  Long. 

Perturbative  Function 

Pertbs.  log  a 

Pertbs.  mean  long. 

Argumeni      in  units  ,„■  1!h  p,,u.,. 

in  units  7th  pi. 
cos       sin 

in  secom 

A  rg 

in  units 

of  nil  place 

inunitsTlli  pi, 

in  seconds  of  arc 

C         V 

cos 

sin 

COS             sin 

- 

£' 

cos 

sin 

cos        sin 

cos            sin 

2   +   7 

+  132.50 

' 

0.5    1-0.1 

0.00  -0.02 

3 

+  9 

1  13.7 

-173.6 

-0.2  -0.2 

0.00         0.00 

2   +   8 

177.99 

-157.  '.hi 

0.2      0.2 

0.03    +0.01 

3 

+  10 

+     4.6 

+  15S.0 

0.0    +0.2 

0.00         0.00 

2+9 

t-    CI.  11 

0.0  +0.1 

o.oo       0.00 

3 

+  11 

+  56.3 

+  114.9 

+  0.1     +0.1 

0.00      o.oo 

2   +10    +      L84 

+   57.56 

0.0   +o.| 

0.00       o.oo 

3 

+  12 

l.s.l 

-   11.4 

o.o       0.0       o.oo       0.00 

2   +11 

f   68.48 

_   76.98  +o.l    _0.1 

0.00         0.00 

3 

+  13 

-  42.7 

+     8.9 

-0.1       0.0 

0.00       o.o<t 

-100.27 

+  22.62 

-0.2        o.o 

0.00    1  0.01 

3 

+  14 

+   43.6 

+   43.6 

+  0.1     +0.1 

o.oo       o.oo 

2   +13 

-   63.22 

+  25.96 

+  o.l    +0.1 

o.oo       0.00 

3 

+  15 

7  9 

—    70.0 

o.o    _o.i 

0.00          0.00 

-   11.52 

9.42 

o.o       0.0 

0.00         0.00 

3 

+  16 

-    11.7 

+   30.9 

o.o       0.0 

0.00       0.00 

2   +15 

-     6.14 

-  10.91 

0.0      0.0 

0.00         0.00 

2   +16     - 

■f   25.67 

0.0   +o.l 

0.00       o.oo 

4 

-15 

-   21 

+  51 

0.0  -0.1 

No  further  sen 

2   +17 

1    28.08 

-  13.03 

+0.1       0.0 

o.oo       o.oo 

4 

-14 

+   55 

-  45 

-0.1   +0.1 

sible  perturbations 

2    *  is 

-   25.42 

+   21.95 

-0.1    +0.1 

0.00         0.00 

1 

-13 

-  56 

+  25 

+  0.1      ,)0— "-'.- 

2    •  L9 

+   10.18 

+    L2.36 

0.0      0.0 

0.00         0.00 

1 

-12 

+  24 

-   IS 

0.0       0.0 

2   +20 

+     1.30 

-     4.5o 

0.0      0.0 

0.00         0.00 

1 
4 

-11 
-10 

+     4 

+  io:; 

+  56 
-108 

0.0    -o.l 
-0.1    +0.1 

3   -  44 

+     0.01 

-     0.10 

0.0   -0.1 

4  35.0      f  3.5 

4 

-  9 

-  so 

+  126 

+  0.1     -0.1 

3   -16 

23.7 

-   16.5 

+  0.1    +0.1 

0.00      0.00 

1 

-   8 

+  149 

-   64 

-0.2   +0.1 

3       L5 

-   35.0 

-     5.2 

-0.1       0.0 

0.00         0.00 

I 

-  7 

-148 

-   56 

+  0.1   +0.1 

3   -14 

-      2  8 

-     5.2 

0.0       0.0 

0.00         0.00 

4 

-   6 

-  33 

+  149 

0.0   -0.1 

3  —13 

-   2.-.. 7 

-  33.5 

+  0.1   +o.l 

0.00         0.00 

1 

—   5 

+   65 

-147 

0.0   +0.1 

3  -12 

-       1.2 

+   70.0 

0.0   -0.2 

-O.Ol          0.00 

1 

-  4 

-118 

+    72 

+  0.1        0.0 

3   -11 

*      is. 7 

+269.9 

-0.1   -0.6 

-0.02        0.00 

1 

-  3 

+   82 

+   10 

0.0       0.0 

3   -10 

80.9 

+  55.8 

+  0.2  -0.1 

0.00    -0.01 

1 

o 

-    13 

+   23 

0.0       0.0 

3-9 

f    11..". 

-   13.0 

-o.l       0.0 

0.00         0.00 

1 

-   1 

—      7 

-   74 

0.0       0.0 

3  -  S 

+  32.1 

+   64.6 

0.0   -0.1 

O.oo       0.00 

1 

+   0 

-   12 

+   96 

0.0      0.0 

3  -   7 

-    13.9 

-199.5 

+  0.1   +0.3 

+  0.01         0.00 

1 

+   1 

( 

-   70 

0.0       0.0 

3   -  6 

-  9S.3 

+  341.0 

+  0.1   -0.3 

-0.01       0.00 

4 

+   2 

+   49 

+   79 

0.0       0.0 

:;  -  5 

+357.2 

-158.7 

-0.3   +0.1 

0.00   +0.01 

1 

+   3 

-   48 

-106 

0.0       0.0 

3-4 

-472.0 

+  151.1 

+  0.3   -0.1 

0.00    -0.01 

1 

+   4 

+   20 

+  104 

o.o     o.o 

3-3 

+421.7 

-  59.3 

-0.2      0.0 

o.oo    1  o.ol 

1 

+   5 

-  29 

-  89 

0.0       0.0 

3   -   2 

—  21' 7  5 

-100.5 

+  0.1       0.0 

0.00       o.oo 

1 

+  6 

-  33 

+  125 

0.0   +0.1 

.",  -    1 

+  1  lo.i 

-  29.1 

0.0       0.0 

0.00       0.00 

1 

+   7 

-   26 

-180 

o.o  -o.i 

3   +   0 

-219.7 

+159.5 

0.0       0.0 

0.00         0.00 

1 

+   8 

-   49 

+  186 

0.0    +0.1 

3   +   1 

+  193.5 

-   99.9 

0.0       0.0 

0.00         0.00 

1 

+  9 

+  104 

-118 

+  0.1    -0.1 

3   +   2 

32.5 

+   40.7 

0.0       0.0 

0.00       o.oo 

1 

+  10 

+      7 

+    24 

0.0         0.0 

3   +   3 

_   30.3 

-110.5 

0.0       0.0 

0.00         0.00 

1 

+  11 

+     6 

+   18 

0.0       0.0 

3   +  4 

14.0 

+110.3 

0.0   +0.1 

0.00         0.00 

I 

+  12 

+    64 

+     10 

+  o.l       0.0 

'3   +   5 

+  118.6 

-125.5 

+  o.l    _0.1 

o.oo       o.oo 

1 

+  13 

-   70 

-   65 

-o.l   -0.1 

3   +  6 

+     12.1 

-165.6 

O.O   -0.1 

0.00         0.00 

1 

+  14 

+   27 

+  85 

0.0   +0.1 

3   +   7 

-208.1 

+  112.0 

-0.2   +0.1 

o.oo       0.00 

1 

+  15 

+   17 

-    17 

0.0   -0.1 

1  3  +  8 

+  255.1 

+   47.0 

+  0.3      0.0 

0.00  —0.01 

VISUAL   EXAMINAT 

liY    W.    -1. 

3i  ••  months  ago  Professor  Campbell  discovered  thai 
Capelbi  is  a  spectroscopic  binary  having  a  period  of  lol 
days.  From  the  spectroscopic  observations  it  is  known 
that  the  orbil  is  nearly  circular,  and  that  the  components 
are  not  very  unequal  in  magnitude.  The  variations  of  the 
velocities  of  the  components  in  the  line  of  sight  furnish 
the  minimum  dimensions  of  the  orbit.  A  combination  of 
these  dimensions  wit  h  Elkin's  parallax  gives  a  result  from 
which  it  appeared  not  impossible  that  Capella  might  at 
times  be  seen  as  a  visual  double  star,  thus  forming  a  con- 


ION   OF    CAPELLA, 

1IISSEY. 
necting  link  between  the  visual  and  spectroscopic  binaries. 
The  recent  most  favorable  dates  for  the  examination  of  the 
star  to  this  end  were  April  15,  June  6  and  July  28.  At 
these  times  the  apparent  distance  between  the  components 
would  be  a  maximum.  On  account  of  the  orbit's  being 
nearly  circular  the  apparent  distance  has  nearly  its  maxi- 
mum value  for  a  few  days  on  either  side  of  the  dates 
given. 

Early  in  June,  I  examined  Cajiella  on  several  afternoons 
with  the  thirty-six  inch  telescope  without  obtaining  any 
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visual  evidence  of  its  being  a  double  star.  The  results 
then  obtained,  however,  were  not  regarded  as  conclusive, 
for  the  seeing,  though  good,  was  not  such  as  to  be  rated  as 
excellent  according  to  our  standards.  These  examinations 
were  made  when  the  star  was  from  three  to  four  hours 
west  of  the  meridian. 

On  the  nights  of  August  2d  and  5th,  I  made  further  ex- 
aminations of  the  star  with  the  same  telescope,  using 
powers  1000,  1500,  1900  and  2600.  With  all  powers  the 
star  appeared  round.  On  these  dates  the  seeing  was  excel- 
lent and  stood  all  these  powers  perfectly.  On  the  last 
date  the  seeing  was  perhaps  the  best.  Even  at  Mt. 
Lick  Observatory,  Mt.  Hamilton,  Cat,  1900  August  10. 


Hamilton  we  have  few  nights  that  are  better  in  the  course 
of  a  year.  With  such  conditions  as  then  prevailed  an 
elongation  of  a  tenth  of  a  second  would  have  been  readily 
perceptible  with  the  lowest  power  used,  and  a  considerably 
smaller  distance  would  have  been  noted  with  the  higher 
ones.  At  the  times  of  these  observations  the  star  was 
between  three  and  four  hours  east  of  the  meridian.  On 
August  5th,  color  screens  of  various  shades  were  used  a 
part  of  the  time  to  reduce  the  light.  On  this  date  Mr. 
Perrixe  was  with  me.  He  also  made  a  very  careful  ex- 
amination of  the  star  with  all  powers,  without  detecting 
:ui\  elongation. 


OBSERVATIONS   OF   THE   SOLAR   ECLIPSE   OF  MAY  28, 

[Communicated  by  the  Superintendent  of  the  Coast  and  Geodetic  .Survey.] 


Mr.  G-.  R.  Putnam,  Assistant,  Coast  and  Geodetic  Sur- 
vey, has  just  furnished  the  Superintendent  with  the  follow- 
ing results  in  connection  with  the  observations  recently 
made  at  the  total  eclipse  station  near  Wadesboro,  N.C. 

The  position  of  the  central  point  in  the  grounds  was 
determined  by  astronomical  observations,  and  gave  the 
result : 

Latitude 34  ,"">7  52 

Longitude   ....  80     4  27 
5h20m17\S 

The  latitude  is  based  upon  observations  by  the  Talcott 
method  on  two  nights,  using  nine  pairs.  The  longitude 
depends  on  the  transit  of  stars  on  five  nights  for  local 
time,  and  a  comparison  with  the  noon  telegraph  signals 
from  the  Naval  Observatory,  at  Washington.  Two  chro- 
nometers were  used,  and  determinations  were  made  on 
five   days.     An    azimuth    was    determined,    by    means   of 


which   the  meridians   and   other   lines  necessary   for    the 
location  of  the  different  instruments,  were  laid  out. 

The  times  of  contact,   reduced   to  75th  meridian  mean 
time,  were  as  follows  : 


19  36  19.7 

20  45  15.5 
20  46  44.1 
22  5  37.3 


The  observation  of  the  first  contact  is  noted  as  being 
from  two  to  three  seconds  late.  The  third  contact  depends 
on  Mr.  Hoxie's  record  of  the  appearance  of  the  flash  of' 
light  on  the  face  of  the  chronometer.  The  observations 
were  made  with  the  meridian  telescope,  swung  out  of  the 
meridian.  They  were  recorded  on  a  chronograph  with  an 
observing  key,  and  the  time  was  also  noted  by  the  eye-and- 
ear  method  by  the  observer.  As  an  additional  check  the 
time  of  the  key  tap  was  also  recorded  by  another  observer. 


OBSERVATIONS   OF   EROS, 

made  with  the  40-inch  refractor  of  the  terkes  observatory, 
By  e.  e.  barxard. 
Comp. 


1900— 90th  Merid.  M.T.     Stars 


Sept.  19  12  2  28 
12  15  35 
12  26     5 


The  Ja  was  measured  direct 


Ju 
-019.20 

218".9. 


+  1     9".2 
-M  32.4 


API'-  a 

.",9  14.83 


A  pp.  8 

+  lo  30    12.1 

+  40  31     5.3 


Mean  Places  for  1900.0  of  Comparison- Star. 


Red.  to 
a  app.  place 

2h39n  28*74     |     +5^29 

Terkes  Observatory,    Williams  Bay,   Wis. 


+  40  29  21.2 


Red.  to 
app.  place  Authority 

I     +11.7     I  Deichmuller,  Bonn  A.G.C.  2351 
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OBSERVATIONS   OF    A'/.'ON, 

\l  \IU      si     [BE  CHAM  BERLIN  OBSERVATORY,   UNI^ERSITl     PARE,    EADO, 

By  HERBERT    A.    1!<>\\  E. 
The  following  observations  give   as  corrections  to  the  I  A.J.,  No. 479,  the  results  +  ls.6  in  a,  and +28"  in  8. 
ephemeris  of  the  p]  J.  B.  Westhavee,  published  in      estimated  magnitude  of  the  planet  was  13. 


He 


l'.UMi   Cniv.  1'ark  M.T.      * 


M;a    27 


29 


15     1   54 

1    1 

15  is   lo 

•  > 

L5     5  33 

3    1 

15   13  54 

4    | 

No. 

i  omp. 

20  ,6 
9 .  3 

L8  .  6 
8,3 


Planet  —  % 
la  IS 

3ml2.50  |  ■+    5  16.3 

;;  24.13  |  -10  42.8 

1      1.09  I  +  9  35.3 

7     1.92  I  +   2  33.4 


Planet's    Apparent 
a  8 


23  47  3.43 
23  47  L37 
23  50  39.27 
23  50  39.82 


+  2  46  27.3 

+  2  46  38.6 

+  3  20  19.2 

+  :;  20  56.4 


log  /'A 
for  a  for  8 

»'.».(;  16  I  0.736 

»9.601  |  0.735 

rc9.609  j  0.733 

^9.601  0.732 


Mean   Places  for  1900.0  of  Comparison- Stars. 


23  50  14.00 

23  50  26.57 

23  51   38.36 

23  57  39.75 


[led.  i" 
app.  place 

+  1.93  I 

+  1.93  | 

+  2.00  | 
+  1.99 


+2  11 
+  2  57 
+3  11 


0.7 

11.2 

3.3 


+  3  18  12.6 


Red.  to 
app.  place 

+io"s 

+  10.2 
+  10.6 
+  10.4 


Authority 

Boss,  Albany  A. G.  SI  97 
Boss,  Albany  A.  G.  8198 
Boss,  Albany  A.G.  8204 
Boss,  Albany  A.G.  8233 


OBSERVATIONS   OF  COMET  cl  1900  (giacobini), 

By  R.  G.  AITKEN. 


* 

No. 

#- 

-* 

<#'s  a 

pparent 

log  J>A 

1900  Mt.  Hamilton  M.T. 

|    Comp. 

la. 

a8 

a 

8 

fora       |     for  8 

Max    25 

15  35 

o 

4 

8 

+  0  42.5 

b      in      s 

+  25  53 

IS.  7 

0.634 

15  39    12 

2 

6 

-  7.52 

1  12  53.14 

»9.711 

27 

15  L9    19 

4 

8  .  8 

+  18..-..-. 

-4  44.0 

1   10  43.06 

+  2G  35 

7.8 

//'.1. 71  1 

0.638 

31 

15     2    11 

6 

10  ,  10 

-   3.18 

-3  53.9 

1     5   \\>:-S 

+  28     2 

31.7 

n.9.721 

O.l'il'l 

June 24 

14     2  30 

8 

10,  8 

-  8.19 

+  1     1.8 

0  lo  45.51 

+  38  45 

6.9 

&9.713 

0.281 

26 

14  1  I  38 

9 

1 

-0  26.8 

+  39  46 

18.4 

0.124 

14  26  32 

9 

in 

+51.08 

0     2  43.73 

»9.664 

28 

12  51   27 

Ki 

10  ,  8 

+  1D.07 

+6  41.7 

:':;  54  15.71 

+  40  45 

27.2 

rc9.762 

0.376 

July    3 

12  21  54 

11 

in  ,  6 

-11.14 

-1  40.5 

23  28  29.55 

+43  12 

9.8 

//0.7.7.I 

0.232 

5 

14  19  31 

13 

10,8 

-13.57 

+  7  42.9 

23  15    18.35 

+  44     9 

49.5 

7*9.515 

?j9.623 

-,-, 

in  -,ii  37 

14 

10  ,  10 

+30  16 

-0  31.0 

20  5G  52.48 

+46  25 

20.0 

»9.542 

«9.851 

Mt  an 

I'hir,  S 

for  1900.0  <>f  Comparison- Stars. 

* 

a 

Red    to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

ii     .i 
1    12 

40.43 

+  1.42 

+  25 

55  -'.io 

+2.7 

Graham,  Cambridge  A.G.  Catal.  743 

2 

1    12 

59.24 

+  1.42 

+25 

52  33.5 

+  2.7 

Micrometer  comparison  with  (1) 

3 

1     9 

52.32 

+  1.48 

+26 

39  23.3 

+  2.7 

Graham,  Cambridge  A.G.  Catal.  726 

1 

1    10 

23.03 

+-1.48 

+26 

39    19.1 

+  2.7 

Micrometer  comparison  with  (3) 

5 

l      I 

32.45 

+  1.63 

+  28 

10     6.4 

+  2.8 

Graham,  Cambridge  A.G.  Catal.  671.' 

6 

1     5 

50.83 

+  1.63 

+  28 

6  22.8 

+  2.S 

Micrometer  comparison  with  (5) 

7 

o     7 

26.75 

+  2.7.-. 

+38 

13  54.1 

+3.6 

Lund  A.G.  Zones.     BD.  +38°1  1 

8 

i)  to 

50.95 

+  •.'.7.-. 

1 1      1 ..-. 

+  3.6 

Micrometer  comparison  with  (7) 

9 

0     1 

19.78 

+  39 

Hi    11.3 

+3.9 

Lund    LG.  Zones.     BD.  +39°5222 

in 

23  54 

2.68 

+  2.96 

+  lo 

38    II.'-' 

+  4.3 

Deichmuller,  Bonn  A.G.  Catal.  18345 

1  1 

23  28 

37.93 

+3.26 

-  13 

13    15.3 

+  5.0 

Micrometer  comparison  with  (12) 

12 

23  29 

6.50 

+43 

21      1.6 

+  .-..0 

Deichmuller,  Bonn    LG.  Catal.  17918 

13 

23  15 

58.54 

+44 

2     0.9 

+  r..7 

«      17681 

14 

20  56 

18.50 

+  46 

25  44.7 

+  6.3 

«      i  1952 

i   May  25,  '.'7.  June  24,  and  Julj  22,  were  made 
with  the  36-inch,  the  others  with  the  12  rial,     In  every 

was  measured  directlj  with  the  m  fl  i   ci  mi  I  has 

a  well-marked  central  condensation,  but  ileus. 

It  is  hardly  as  bright  now  a^  it  was  a  month  ago,  when  it  v. 
without  trouble  in  the  oj-inch  finder.     At   the  last   observa 


brightness  was  estimated  as  about  that  of  a  12th  or  13th  magnitude 
star. 

The  comparison-star  used  on  June  28  (Bonn  LG.  Catal.  18345),  Is 
double  apparentlj  a  nen  pair  having  a  ISth  magnitude  com 
panion  at  a  distance  of  3".S0  in  1S7°.0. 

/./   '.  Obsi  i  oatory,  Univi  rsity  of  California,  1900  Juhj  2 1. 
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OBSERVATIONS     OF     SUNSPOTS, 

MADE    AT    BOSTON    UNIVERSITY    OBSEBVATOI:  V, 

By  F.  L.  ADAMS,    A.  R.  CUKL  and  E.  F.  SMITH,  Students  in  Astronomy. 


W.M.T. 

Groups 

Spts.in  Gps.'lsol 

Sps. 

Totals 

Def. 

W.M.T. 

Groups 

Spts.  in  Gps. 

[sol.  Sps 

Totals 

Def. 

1899-1900 

N 

s 

N 

s 

N 

s 

Grps. 

Spts. 

l'.MIII 

N 

S 

N 

S 

N 

s 

Grps 

Spts. 

1899 

ii 

1900 

ii 

Oct.  16 

23 

0 

0 

0 

0 

0 

0 

0 

0 

F 

Jan.  29 

23 

1 

0 

7 

0 

0 

0 

1 

7 

F 

18 

23 

0 

0 

0 

0 

0 

0 

0 

0 

G 

31 

22 

1 

(1 

7 

0 

0 

0 

1 

F 

20 

4 

0 

0 

0 

0 

0 

0 

0 

0 

G 

Feb.    1 

22 

1 

0 

o 

0 

0 

0 

1 

2 

F 

21 

1 

0 

0 

0 

0 

0 

0 

0 

0 

G 

3 

0 

0 

0 

0 

0 

1 

0 

0 

1 

F 

24 

23 

0 

1 

0 

16 

0 

0 

1 

16 

G 
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23 

1 

1 

21 

10 
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0 

2 

31 

E 

26 

3 

0 

2 

0 

24 

0 

(1 

2 

24 

G 

13 

°3 

0 

0 

0 

0 

0 

0 

0 

0 

G 

26 

23 

0 

3 

0 

27 

0 

0 

3 

27 

G 

16 

4 

0 

0 

0 

0 

0 

0 

0 

0 

P 

30 

0 

0 

1 

0 

7 

0 

0 

1 

7 

P 

16 

23 

0 

0 

0 

0 

0 

0 

0 

0 

P 

NOV:     1 

23 

0 

1 

0 

4 

0 

0 

1 

4 

F 
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22 

0 

0 

0 

0 

0 

0 

0 

0 

G 

o 

23 

0 

0 

0 

0 

0 

0 

0 

0 

G 

20 

23 

0 

0 

0 

0 

0 

0 

0 

0 

E 

4 

1 

0 

0 

0 

0 

0 

0 

0 

•    0 

G 

23 

22 

0 

o 

0 

0 

o 

0 

0 

0 

G 

5 

21 

0 

0 

0 

0 

0 

0 

0 

0 

G 

26 

22 

0 

0 

0 

0 

ii 

0 

0 

0 

P 

6 

1 

0 

0 

0 

0 

0 

0 

0 

0 

E 

27 

22 

0 

0 

0 

0 

0 

0 

0 

0 

P 

6 

oo 

0 

0 

0 

0 

0 

0 

0 

0 

E 

Mar.    2 

3 

0 

1 

0 

2 

II 

0 

1 

o 

E 

7 

23 

0 

0 

0 

0 

0 

0 

0 

0 

P 

2 

22 

0 

1 

0 

7 

(1 

0 

1 

7 

G 

8 

22 

0 

0 

0 

0 

0 

0 

0 

0 

G 
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23 

0 

1 

0 

9 

0 

0 

1 

9 

E 

9 

2 

0 

0 

0 

0 

0 

0 

0 

0 

E 

7 

22 

0 

1 

0 

2 

0 
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Explanations  concerning  the  work  may  be  found  in  A.J.  106. 

'I'll.-  number  of  different  groups  as  26,  containing  236 

different  spots.  Eleven  groups  were  north  of  the  equator,  contain- 
ing 91  M»>'~.  n  bile  1">  were  south,  containing  145  spots  ;  one  group, 
b,  being,  bowever,  extremely  near  to  or  on  the  equa- 
tor. Fourteen  had  a  latitude  of  less  than  10  .  9  more  than  10°,  and 
::  were  ontl  i  ilj  -'  groups  bad  a  latitude  of  more 

than  i"i  . 

The  determinations  oi  latitude  and  longitude  indicate  bul  one  re- 
nin' with  any  bigli  degree  of  certainty.  This  group  was 
nearly  central  April  Bl  cond  rotation. 


The  longitudes  show  that  the  solar  activity  litis  been  restricted  to 
a  quite  definite  region 

In  north  latitude  all  the  groups,  save  one,  were  between  longitudes 
180  and  360°.  All  southern  groups,  save  two,  were  between  longi- 
tudes 130°  and 

When  compi 
same  period,  01 

actn  in . 

There  was  no  positive  testimony  collected  ai 
presented  bj  spots  when  upon  the  limb. 


<1  with  the  observations  made  during  nearly  the 

year  earlier,  all   the   phenomena   indicate   loss  solar 


to  the  appearance 


ELEMENTS   OF  COMET  b  1900  (bobbellt-bbooks), 

Bl    C.    D.   l'EKKlNK. 


Prom  Mr.  Ck  nn  >n  of  July  25th,  and  my 

own  of  July  30th,  and  August  4th,  I  have  computed  the 
following  elements : 

T  =    1900  A-ugust  3d.20726  Gr.M.T. 


SI   = 


L2  26   L3.2 
328    0  30.1     1900.0 


:  -  ) 

„o.i  yw 

62  30   16.3  ) 


log  q  =  0.006390 

Residuals  O-C:     ./A' cos/?'  =    +4.4 
M'.  i  a,   1900  August  13. 


J/?'  = 


-0.9 


Constants  fob  the  Equator  of  1900.0. 

x  =  r[9.945799]  sin  (  86° 23  11.2  +  n 
y  =  r  [9.686698]  sin  (283  9  4.5  +  v) 
z   =    r[9.996636]  sin  (     0  10     7.0+w) 

The  comet  lias  faded  rapidly  since  discovery.  On  Au- 
gust 4  it  was  barely  visible  without  telescopic  aid,  the 
nucleus  being  only  of  about  the  10th  magnitude.  The 
rapid  loss  of  light  still  continues. 

On  July  28  the  comet  was  examined  with  the  36-inch 
refractor.  The  nucleus  was  then  of  8.5  magnitude,  and 
distinctly  elongated,  although  no  separation  could  be  de- 
tected. 


OBSERVATIONS   OF   COMET  b  1900  (bbooks), 

MADE    WITH    THE    12-INCH    TELESCOPE    OF    THE    LICK   OBSERVATORY*,     I  MVEKSITY    OF   CALIFORNIA, 

By  RUSSELL  TRACY  CRAWFORD. 


1900  Mt.  llamiltonM.T. 

* 

No. 
Comp. 

Aa. 

-* 

&^'s  apparent 
a                        S 

log 
for  a 

>A 

for  8 

Julv  25     11    18  18 
9     13   17  22 

10  15  19     2 

11  14  45  13 

3 
4 
5 

8,8 
10,  8 
12,8 
10  .  10 

+  0"  39.35 
-0  43.10 
+  1  16.85 
-1  37.29 

+  2  20.8 
-3  45.9 
-6  21.1 
-4  49.4 

L'"  4r.'"4S^.»l 
3   13     9.7(1 
3   17     2.92 
3  21     6.87 

+  18  39  14.6 
+  62  16     1.9 
+64    17  29.2 
+67     it     4.S 

M9.613 
n9.954 
»9.850 
»i9.958 

0.579 
„  9.5  14 
raO.415 
m0.517 

Mean    Places  for  1900.0  of  Comparison- Stars. 


Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

2    15     6.69 

+  :;s7 

+  18  36   14.5 

+9.3 

Connected  with  >(c  2 

2 

2   15     2.85 

+  2.87 

•  is    ||  57.0 

+  9.2 

Auwers,  Berlin  A,  A.G.C.  766 

3 

3   13    17. '.'t; 

+  4.84 

H  c,:'   19  52.2 

I.I 

Krueger,  Helsingfors-Gotha,  A.G.O.  2926 

1 

3  15    l"''l 

+  5.13 

+  64  53  55.4 

-5.1 

lvrueger,  Helsingfors-Gotha,  A.G.C.  2951 

5 

:;  22  38.78 

+  (17     5     0.2 

-6.0 

Geelmuyden,  Christiania,  A.G.C.  596 

In  all  eases   Ja  was  obtained   by  transits. 

An  incomplete  observation    was   made   on   the   24th   of   July,  at  which   time  the  nucleus  was  estimated  to  be  <ii  magnitude. 
Aug.  11  the  nucleus  was  estimated  to  be  of  the   llth  magnitude,  and  the  whole  head  to  be  of  the  9|  magnitude. 
lory,   Univi  i  -■  L900  Aug.  21. 
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PTOLEMY'S 

By  G.  W 

In  the  case  of  the  inferior  planets  Ptolemy  discovered 
the  position  of  the  line  of  apsides  and  the  eccentricity  of 
the  eccentric  circle  by  observations  of  greatest  elongations. 
When  two  were  found  of  the  same  magnitude,  but  situated 
on  opposite  sides  of  the  mean  Sun,  the  position  of  the  line 
of  apsides  was  discovered  by  bisecting  the  angle  between 
the  mean  positions  of  the  Sun.  And  the  eccentricity  was 
found  by  comparing  the  magnitude  of  the,  greatest  elonga- 
tions when  the  mean  Sun  was  at  either  end  of  the  line  of 
apsides. 

These  devices  are  impracticable  in  the  case  of  the  superior 
planets,  and  Ptolemy  hail  recourse  to  observations  made 
when  the  true  longitude  of  the  planet  differed  by  180°  from 
the  mean  longitude  of  the  Sun.  Observations  fulfilling 
this  condition  cannot  generally  be  obtained,  but,  by  inter- 
polation between  several  observations  in  close  proximity. 
the  desired  data  may  be  got.  At  these  special  times  the 
Earth,  planet  and  center  of  the  epicycle  are  in  a  right  line ; 
thus,  as  we  do  not  have  to  deal  with  distance,  but  only 
with  orientation,  we  need  not  pay  any  attention  to  the 
epicycle.  It  is  understood  thai  the  period  of  the  planet  is 
known,  there  are  then  three  unknowns  to  be  determined, 
viz.  :  the  position  of  the  line  of  apsides,  the  eccentricity  of 
the  eccentric  circle,  and  the  epoch  of  the  mean  longitude ; 
thus  three  observations  are  necessary. 

What  1  have  ventured  to  call  Ptolemy's  Problem  may  be 
stated  in  a  geometrical  form  as  follows  : 

On  a  given  common  base  to  construct  three  triangles  such 
thnt.  while  their  vertices  are  equidistant  from  the  middle 
point  of  the  base,  the  differences  of  the  angles  at  each,  end  of 
the  base  may  be  equivalent  f<>  given  angles. 

In  the  figure,  let  A^A%  be  the  common  base,  ('  its  middle 
point,  and  Z>, ,  B„,  B..  the  vertices  of  the  three  triangles. 
The  angles  B^AJL.  P>V\J',.  I^A.Jl...  1^A.2BZ  are  known. 
Adopt  A\C  as  the  linear  unit,  and  let  A.,  be  the  point  from 
which  the  observations  are  made,  while  Al  is  the  point 
about  which  the  center  of  the  epicycle  rotates  uniformly. 
Take  C  for  the  origin  of  a  system  of  rectangular  co-ordi- 
nates,  CA1  being  the  positive  direction  of  the  axis  of  x. 


PROBLEM, 

HILL. 

Let  the  general  equations  of    the  radii  AJ5  and  A..B  be 
severally 

y   =   tanjn.(x  — 1)     ,     y   =   tanv.(.c  +  l) 


where  p  and  u  denote  severally  the  mean  and  true  anomaly 
measured,  as  with  Ptolemy,  from  the  aphelion.  In  order 
to  have  the  rectangular  coordinates  of  the  point  B,  we 
solve  these  equations,  regarding  ./•  and  y  as  the  unknowns, 
and  get 


tan  fx  4-  tan  v  sin  (/*  +  v) 


II   = 


taii/x  —  tan  v 
2  tan  fj.  tan  u 
tan  jj.  —  tan  v 


sin  (jix—  v) 
cos  (jx  —  v) 


COS(ft  +  v) 


sin  {/x  —  v) 

It  will  be  more  convenient  to  employ  as  the  variables 
X  =  ix  +  v    and    ip  =  ix  — v.    Then,  as  a  constant  quantity, 

sin2x  +  (C0SX  —  cosi/*)2 


BC*  =  x*  +  y*  = 


But,  if     2m"1 
can  be  given  the  form 


sin'-i// 
put   for     x'2  +  y~  +  1, 


tins   equation 


u  —  ii  cos  x  cos  \j/  =  sin'2  if/ 
This  equation  constitutes  the  relation  between  the  true 
ami    mean    anomalies    in    Ptolemy's    theory   of    eccentric 
circles.      It   bol. Is  for  each  of  the  three  observations,  and 

(33) 
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we  thus  have  the  data  requisite  Eor  the  determination  of 
the  three  unknowns  u,  \  and  u'-  If  the  Latter  symbols 
are  used  for  the  firsl  obsen  i  ould  add  to  them 

certain  known  arcs  for  the  second  and  third  observations. 
Bui  it  is  conducive  to  symmetry  to  suppose  thai  tin' known 
arcs  i"  be  added  to  \  and  ip  in  the  several  observations  in 
tlim-  ord  and  again    ft .  ft.  ft.     It  w  ill 

u  the  writing  of  some  of  the  formulas  if  we  impose 
upon  ondition     ft+ft,  +  ft  =  0.     As  to  tin'  a, 

ition  is  shortened  it'  we  suppose  one  of  them 
vanish  for  i^  +  ft.  then  t  be 

equal  ions  for  solution  arc 

ii  —  ii  cos(x+«,)  cos  'Pi  ~  si11"1/'!- 
ii  —  ii  cos(x+«.)  eosi/fj  =  sin-i/f.2. 
k  —  m  cos(xH 4 ■■   =  sin-i/'.,. 

! :  elopi         co     <+«)     we  have  the  modified  form  : 

cos^H    sin «   cos  i/i,  .  w  sin  x  =  sin-!//. 

It  —  <■• .11  ens  x  +  sin  Oj  COS  K...H  3ill  \    =    sin'-'i/,,, 

«  _  cos  «3  cos  1^3 .«  cosx  +  sin  a  ,  cos  c"  ; .  »  sin  x   =   siiri.'. 

Let  these  equations  be  regarded  as  linear,  and  as  deter- 
mining the  unknowns     ".  u cos xj    and     itsin^.     Employ 
/to  denote  the  determinant  formed  from  the  coefficients 
.  and  S  to  denote  summation  with  respei  I 
to  the  cyclical  permutation  of  the  subscripts  1.  2,  '■'> ;  thus, 
of  three  terms  only  one  will  be  written,  the  remaining  two 
in   this  !'\  the  mentioned  cyclical  permu- 
tation.    Then  the  expression  for    /is 

/         S.  sin  (a^—  «2)  cos  </.,  cos^2 

the  unknowns     ",  itcosxi  "  sin  v.     are 

/  S  .  -in  ,  «  - -«  i  i io  i     -in-  vS 

1u  cos  %   =    S.  [sin  «„  cos  i/,.,  — sin  «.  cos<//:;]  sin-i/-, 
/     -in^    =    .?.  [cos  «„  cos  i/i..—  cos  K-.  cosijfr.,]  sin'2  ipi 

The  substitution  of  these  values  in  the  identity 

hi  cos  \  i-  +  i  In  sin  x)'-  =   (  I"  i- 

involving  only  the  unknown  i/.  and  which 
serves  to  determine  this  quantity. 

With  ail\ ..-  in. r.    in    t  ransformed  ; 

thus,  in  case  of  the  second. 

/      ■     ,         S.  sin  Kj  cosi/i,  [sin2^8 — sin2i/»2] 
and  by  applying  the  formula 

-  sin-//   =  I  sin i  i ■  +  //) 

this  becomes,  mindful  of  the  relation     ft  +  ft  +  ft  =  0, 
/  x    =    '•  S.sina,  sin  (ft— ft)  [sin  3^  +  sin  (</i  —  2ft)] 

In  like  maimer 


/,/sin^   =    h  S.  cos  it,  sin  (ft  —  ft)  [sin  3^  +  sin  (i//  —  2ft)] 
/»  £  S.  sin  (oj-a,)  [2  sin  (ft-ft)  sin  (ft-ft) 

+  cos  (ft- ft)  +  2  sin  (ft-ft)  sin  (2^-ft) 
+■  2  sin  (ft-ft)  sin  (2<//-ft)  -  cos  (4,/r+ft  I] 
I E  we  put 

I,  ',;;*'/,    =  ±    I  's'-  sin  «j  sin  (ft— ft)  jjgf  2ft 

.1.,   =  ^  ,S'.  sm  a,  sin  (ft— ft) 

I    J[ga2  =  ±  i  5.  cos  «,  sin  (ft-ft) -f  2ft 

.1,    —  .',   .S'.  ens  ,/,  sin  (ft  — ft) 

.1,  =  J  5.  sin  fa     «,)  [2  cos  (ft-ft)  -cos  3ft] 

-Un"  -   i's' ■«i'o«,-«:)[cos(ft-ft);i«2ft±i's;:ft] 

-',l,ut"i   =  —  i<S-  sin  («2—  «j)Sif  A 

we  shall  have 

In  cos  ^    =    .-I,  sin  (i/r-r-n,)  +  .].,  sin  3^ 
/ii  sin  x   =    J.,  sin  (^r+a2)  +  At  sin  3^ 

./«      =     A.  +   AtCOS  i  •_'(/•    \- a    l    "I-  J-  COS  I  -It/  '  +  '1,1 

From  these  expressions  can  be  derived  the  algebraic 
equation  on  which  the  solution  of  the  problem  depends. 
Let  us  adopt     tauf  =  .r     as  the  unknown.     Then 

silli/i   =   .r{\+.r-r'    ,    cos,/,   =    (1+  .)■-)--    . 

sinl'i//  =  I'./- 1 1 +.(•-)-'  .  cos  2f  =  (1—  x*)(l+x*)   ' 

Sill  Hi//     =     3x  I  1   +.'-)  I..  "I    1    +..J) 

sin  4.//  =    !.<■  il  —a;2)|  1  +.r-r-  . 

C0S4^  =    (  l--J.r-  +  2.--4)(l  +.,•- 1-- 

For  brevity  put 

I,,  i  l  +  .,■-]■    =  p 

then 

Pcosx  =  ft  (1 +.<•-)  +  A'...,'  +   /•'.' 

p  sin  x  =  ft  1 1  +.I-)  +  lis  +  /-',,' :! 

p!.  ( l  +.,■-)  =  ft  +  /;  r  +  /.;.,  -  +  510a;8  +  /-'nr4 

where  the  coefficients  /■'  have  the  following  values  : 

ft  =  —  S.  sili  a,  sin  (ft-  ft)  shift  cosft 

/>'.,  =  S.  sin  a,  sin  (ft  -ftjll  +  cos'- ft) 

/;„  =  —  S .  sin  «,  sin  (ft  —  ft)  sin- ft 

/.'_,  =  —  S.  cos  «j  sin  (ft— ft)  sin  ft  cosft 

/:.  =  S .  cos  «x  sin  (ft  —  ft)  (1  +  cos-  ft  i 

ft  =  —  <S.  cos  «,  sin  (ft  —  ft)  sin-  ft 

ft  =  ^  S.  sin  (t^-ws)  [cos  (ft-ft)  +  cos  ft]  sin2  ft 

ft  =  .s'.  sin  («.,  --«..)[cos  (ft  —  ft)cosft  +  l]sinft 

ft    =        ;  .S'.sinic,       c:.|  •.'cosift-ftl  +  L'cosft-COs3ft] 

/•',„  =      J-(S.sin(a2  -  «8)  [2  cos  (ft— ft)  cosft— 1]  sin  ft 

/.',,-      \  S.  sin  («j  -«s) 

[4cos (ft-ft)  cnsft-l-4eos-ft]  cosft 

The  equation  in  r  is  then 

I       [ft  (l+x*)+Bp  +  Bax*Y)    .  +  r, 

\  +[/;,,  1   :   i    i  I  fta  f-fta:8]2  >  l '         ' 

=  [ft+7;v,  ■+/.>■-+  ft„.';i+  /-',,'■']-' 
and  thus  is  of  the  eighth  degree.  We  do  not  elaborate  it 
further,  as  it  is  less  laborious  to  employ  the  expressions  for 
In.  .  In  cos  x   and     In  sin  x- 

As  an  illustration  take  the  example  given  by  Ptoli  sn 
in  the  case  ol  Mars.  Here,  at  the  three  selected  oppositions 
of  Wars  with  the  mean  Sun,  the  observed  longitudes  of  the 
planet    in   their   order    were   81°,   L48"  50'   and    242°  34'. 


X°-  485 


THE     AST  I;  ONO  .MICA  L     JOURNAL. 


35 


From  the  known  period  it  is  gathered  that,  exclusive  of 
whole  circumferences,  motion  in  the  mean  longitude  be- 
tween the  first  and  second  observations  was  81°  44',  and 
between  the  second  and  third  95°  28'.     Making     a  =  0° 

ami  adopting  the  condition     /?,  +  p.,  +  /}. .     these  data  make 

«1=      0°  <4  =      149°  34'  «,  =      338°  46' 

ft  =  —  9° 50' 40"    &=  +     4°   3'20"    ji,  =  +     5  4 7  !.'<>'" 

The  substitution  of  these  values  in  the  formulas  gives 
(logarithms  are  in  [  ]  ), 

Jucoax  =  [9.0480661]  sin  ty +170°  32' 22".35) 

-[9.0482551]  sin  3i/> 
lusinx  =   [9.3825734]  sin(i/»-8°    2'37".59) 

+  [9.3860693]  sin  &j, 

du  =    -0.08286966 +  [8.8855859]  cos  (2^+95°  49' 15".62) 

+  [8.9513935]  cos  (4^r+   8°  21 '  48".29  i 

By  moving  \\i  from  0°  to  180°  we  discover  the  following- 
six  real  solutions  of  the  problem  : 

1  2  3 

71°  28  2CKS2 

294  2]   58.28 

9.9836184 

o 
96  52  54.68 

117   14  48.82 
9.988681  I 

The    two    remaining   roots    of   tl [nation    of    the  8th 

degree  are  imaginary. 

Although  all  the  six  solutions  satisfy  the  equations,  the 
second  is  the  only  one  which  fulfills  all  the  conditions  of 
the  problem.     Those  not  involved  in  the  equations  are  the 


<l> 

1  37  22.78 

2  47    13.58 

X 

132  11   58.15 

283  57  .".7..-.:. 

log 

II 

8.0893041 

8.2967311 

<l> 

4 

85     0  41.39 

0 

85  30     8.91 

X 

77  23  26.50 

2SI     17   47.1.-) 

l0£ 

II 

9.9958862 

0.0008790 

following:  ^  and  u  must  together  lie  between  0°  and  180° 
or  between  180°  and  360°,  and.  in  the  first  case,  ft.  must  ex- 
ceed v,  and,  in  the  second  case,  v  must  exceed  p.  Every 
right  line  drawn  through  a  point  has  two  orientations  dif- 
fering 180°;  in  the  equations  this  duplicity  is  left  unde- 
cided, but,  in  the  problem,  that  orientation  must  be  chosen 
which  is  directed  towards  the  point  of  intersection  on  the 
circumference. 

The  values  of  the  mean  and  true  anomalies,  at  the  times 
of  the  several  observations,  given  by  the  second  solution 
are  : 


318  27  30.57 

40  11  30.57 

135  39  30.57 


325  30  26.98 
33  20  26.98 

127     4  20. '.IS 


Whence  it  follows  that  the  longitude  of  the  apogee  is 
115°  29'  33". 01 ;  and.  from  <i  we  deduce  that  the  eccen- 
tricity of  the  orbit  =  --—  =  0.1000026.     Ptolemy's  values 

of  these  quantities  are  115°  30'  and  0.1.  His  procedure  in 
treating  the  problem  virtually  consists  in  the  assumption 
that  the  eccentricity  is  so  small  that,  for  a  first  approxi- 
mation, we  may  put  unit}-  for  cos<//-  in  the  equation  defining 
the  connection  between  the  two  anomalies.  This  makes 
the  values  of  the  unknowns  depend  on  equations  of  the 
first  degree.  The  linearity  of  the  equations  is  maintained 
in  the  following  approximations  by  computing  the  length 
of  certain  lines  in  the  geometrical  figure  from  the  elements 
of  the  preceding  approximation.  Ptolemy's  method  is  in- 
genious but  tedious,  at  least  in  the  narrati if  it. 


OBSERVATIONS   OF   ONE    HUNDRED   NEW   DOUBLE 

Sl'.i  ON  O    (  '  U'ALOOUE. 
By    WILLIAM    J.    IIUSSEY. 


STARS. 


In  A.J.  480  I  published  observations  of  one  hundred 
double  stars  which  I  had  then  discovered.  The  present 
paper,  which  may  be  regarded  as  a  continuation  of  that 
one,  contains  measures  of  another  hundred  new  pairs  of 
the  same  class.  With  respect  to  the  distance  between  the 
components  the  stars  of  the  present  list  have  the  following 
classification : 

0.25  or  less.         9  pairs 
0.26  to  0.51).      10     •■ 


0.51  to  1.01).     22  pairs 
1.01  to  2.00,     26     « 
2.ol   to  5.00,     27     •• 

These  stars  have  been  discovered  with  the  12-  and  36-inch 
telescopes.  Most  of  the  measures  have  been  made  with 
the  latter  instrument.  The  power  generally  used  was 
1000,  except  for  the  very  close  pairs  for  which  1500  and 
L900  were  employed. 

The  positions  of  the  stars  are  for  the  epoch  1900. 


101.     DM.  +51°746. 

3"  2.-,'"  41"     ;     8  =  +51    as'.s. 


1900.198 

.20  1 


245.3 
249.3 


0.72 
11.7.'. 


9.5 
9.3 


9.5 

0.5 


10(10.2)) 


2  17,';        0.71        0.1 


9.5 


102. 

a  =  3h  29" 


DM. 


1900.198 

I'M  I 


60.5 

62  1 


'-  18  959. 

8  =  +48°  20'.4. 


2.0S 

3.13 


9.0 
9.2 


10.0 

ll.o 


1'. .20 


01.3       3.0(1       9.1        10.7, 


103. 

a  =  3h  38" 


DM.  -I  40°1014. 
5»     ;     8  =  +40°  32 


1900.198 

.•joi 


200.7 
200. 7 


(i.7s 

o.S7 


8.0 
8.2 


1000.20 


207.7       o.si       s,| 


s.2 
8.5 


s.i 
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104      I'M 

_12°982. 

11 

2.      I'M 

-in 

717. 

L20.     I'M. 

-13°2670. 

a  = 

Jh    41,"    ll<         ; 

8  =  - 

12    7'. 

i. 

a  =  6b 

57"   3      : 

8  =  - 

11    :>'..-,. 

a  =  S1' 

II1"  28'     : 

S  =  - 

1::  .-,'■• 

.8. 

1900.067 

■_v,.v; 

-"- 

M 
11..I 

L900.246 

ISS.n 

0.53 

_M- 

8.0 

L900.229 

63°.3 

0.47 

8H5 

s!s 

.128 

262.6 

l  02 

.210 
.101 

10  1.1 

194.0 

0.58 
0.55 

7.5 

S.5 

.246 

58.6 

o.li 

S.7, 

s.s 

L900.10 

I'll.  IV  is 

■_lf>  1.2 

li  9fi 

7.7 

1  1 .5 

l: .24 

61.0 

0.  17, 

S.7, 

s.s 

:ilso  a  companion  of  the  9th  mag 

L  900.25 

L91.0 

0.55 

7..i 

S.2 

nitude  in 

the  directioi 

;i  distance  of 

11 

1.     DM. 

-10  1 

642. 

in      7.       W 

tli  the  princi 

I  ii  form 

-  l  596. 

11 

1.     I'M. 

-13°1919. 

a  =  S>> 

42'"  19"     : 

8  =  - 

-10   31 

.2. 

L05      I'M 

945. 

a  =  71' 

2m31e     : 

S  =  - 

l:;    tS'.l 

L900.229 

00.7, 

3.88 

8.8 

11.5 

L900.051 

53.1 

L.78 

8.5 

12.0 

.243 

00.0 

3.88 

a  = 

L90.2 

8  =  4 

1.17 

21    2] 
9.0 

.6 
10.5 

.  1 28 
.220 

55.3 
53.2 

L.64 

1.82 

S.7, 

7.5 

13.0 
13.0 

.246 

95.8 

4.03 

s.s 

11.0 

L900  204 

1000.21 

0S.4 

3.93 

s.s 

ll.S 

.297 

L92.3 

L.45 

9.0 

11.0 

L900.13 

53.9 

1.75 

8.2 

12.7 

122.      1>.M. 

—  1 11 

749. 

I! .25 

L91.3 

in; 

9.0 

10.8 

114. 

-13°2 

182. 

a  =  8> 

.",;;•"  4-     ; 

8  =  - 

12   42' 

5. 

L06.     I'M. 

-in 

196. 

a  =  7 

■  38™  0" 

8  = 

-14°3'.8 

1900.240 

258.9 

o.ol 

9.0 

11.0 

a  = 

333.0 

8 

II. '.HI 

11°  39'. 

'.'.ii 

8. 
9.2 

L900.220 
.243 

218.3 
220.7 

1.01 

1.56 

8.8 
8.5 

12.7) 

i:;.7, 

..-ill 

258.7 

0.00 

s.s 

10.7. 

L900.128 

1! .28 

258.8 

0.00 

s.o 

10. 8 

.207 

333.0 

0.80 

9.0 

9.5 

1900.23 

219.5 

1 .58 

8.6 

13.0 

.243 

333.1 

0.8S 

9.0 

9.2 

11 

->.     DM. 

-13°: 

439. 

12 
a  =  S1 

3.     DM. 

5S"1  9s     ; 

+  63°S20. 
8  =  +63    25'. 

I: ii hi  |'i 

333.0 

0.86 

9.0 

o :; 

9. 

a  =  8" 

8m31E     : 

8  =  - 

1:;"  36'.2 

L900.424 

228  l 

0.45 

8.8 

0.O 

K'7.     DM. 

-10°1  Ii:;. 

L900.292 

129.6 

o.ss 

0.0 

10.0 

.442 

lis.:; 

0.60 

9.0 

9.2 

a  = 

S  =  — 

ii    18'. 

l. 

.297 

129.1 

l.ol 

9.0 

10.0 

1900.43 

lis.;; 

0.52 

8.9 

9.1 

1: .128 

324.5 

0.36 

s  7, 

8.5 

.311 

125.6 

1.14 

0.0 

10.0 

11 

4.      DM. 

+  61°1102. 

.207 
.243 

325.2 
326.0 

0.34 

c;;i 

8.5 
8.8 

S.7 
9.0 

1900.30 

128.1 

1.02 

'.Ml 

10.0 

a  =  9 

lm23<     ; 

8  =  +60°  56'. 

S. 

lid.     DM. 

-io°: 

495. 

l'.IOO.l  11 

.450 

131.8 
120.1 

1.96 

2.03 

S.7, 
8.5 

13.0 

1900.19 

325.2 

0.35 

8.6 

8.7 

11.0 

a  =  8h 

7"'  48s     ; 

8  =  - 

-lo    22'.l 

- 

08.     DM. 

-10°1452. 

L900.226 

171.5 

1.74 

0.0 

0.7. 

1900.45 

l:;o  1 

2.00 

8.5 

12.0 

a  =  6"  12 

8  =  - 

in    41 

4. 

.202 
.311 

167.6 

172.4 

1.85 
1.86 

9.0 
9.0 

9.5 

9.2 

11 

7>.     DM. 

-12°2 

839. 

i  L28 

331.2 

3.39 

9.0 

1  2.5 

a  =  9'1 

Hi"1  -■::■     : 

8=  - 

12    27 

.0. 

.207 

330.6 

3.22 

'.in 

li.."! 

1900.28 

170.5 

1.82 

'.Ml 

0.1 

1000.10-1 

104.3 

3.11 

S.7, 

11.7, 

.243 

331.5 

3.42 

9.0 

L2.0 

This  is  the  principal  component  of 

I,  7S4. 
about 

1.   :il   ;i 

.120 

107,. 7, 

3.05 

S.7, 

11.7, 

331.1 

:;:;! 

'.Ml 

12. H 

1 1  u'  ii mipiiTiioii  not »'i i 
the  10th  magnitude,  in 
distance  16".92. 

>\       1  1    1.  !.->,     11  1.1.     1* 

the  direction  7  . 

.377 

102.6 

3.31 

8.5 

12.7, 

1000.27 

lull 

3.16 

S.7, 

12.2 

L09.     I'M. 

-101516 

a  =  flh  20' 

8  =  - 

Hi   :;t 

.8. 

11 

7.     DM. 

-11°: 

388 

11 

ii.      DM. 

-11°2 

00  1. 

L900.128 

71.4 

0.36 

9.2 

'.1.2 

a  =  8h 

J'.i'"  10"      : 

8  =  - 

-11    52'.1 

a  =  9» 

13m  17"     ; 

8  =  - 

-11    54 

.0. 

.207 

64.5 

0. 15 

9.2 

11.2 

1900.207 

1 ..", 

1. 1:; 

S.7, 

13.0 

1000.101 

S7.7, 

1.77, 

8.5 

10.0 

.-ML' 

70.1 

0.32 

9.5 

1(1.0 

.220 

3.0 

L.57 

8.5 

13.0 

.210 
.110 

S7.7, 
87  0 

2.91 

2.89 

S.7, 
8.6 

11.0 

1900.21 

2.2 

1.50 

8.5 

13.0 

ll.o 

Li .19 

68.7 

0.38 

9.3 

9.5 

l'.IOO.ll 

87.6 

2.85 

S.7, 

10.7 

L10.     I'M. 

-10°1 

52] 

lis.     DM. 

-14°L 

Oil'. 

a  =  8h35m50"     : 

8  =  - 

-14     17'.'. 

. 

11 

'7.      DM. 

-10°1 

854. 

8  =  - 

-10    .V 

6. 

1'. .207 

324.4 

1  .'.Ml 

0.0 

10.5 

a  =  9h 

26"  52' 

8  =  - 

-10° 58 

.4. 

Li .207 

L31.0 

2.27 

'.1.2 

9.5 

.2  1.", 

323.8 

1.70 

9.0 

10.0 

1900.298 

87.3 

0.65 

'.1.7, 

10.0 

.242 

132.4 

2.2  1 

9.5 

9.8 

.:;n 

325.0 

9.0 

11.0 

.377 

92.4 

0.61 

9.2 

9.5 

L31.7 

2.25 

9.4 

9.6 

L900.22 

1000.21; 

324.4 

1.80 

0.0 

10.7, 

1900.34 

89.9 

0.63 

9.4 

9.8 

111.      I'M. 

1  1   1 

728. 

llo.     DM. 

-13°2668. 

11 

8.     DM. 

-in 

00:;. 

a  = 

8  =  - 

11    52 

.0. 

a  =  &>  10'"  42-      ; 

8  =  - 

-1:;    ir.- 

a  =  I0h 

;,Y"  L8 

S  =  - 

-11    12 

'.9. 

L900.217 

17.2 

2.88 

S.7 

s.s 

Li .229 

356.7 

2.74 

s.r, 

0.7, 

1900.240 

L6.8 

1.1s 

S.7, 

11.0 

.241 

L9.0 

:;.l  l 

8.5 

8.5 

.243 

356.9 

2.95 

8.3 

s.s 

.107 

12.0 

1.00 

S.7, 

11.0 

.246 

L8.0 

8.8 

.246 

356.0 

2.72 

8.5 

0.7, 

..",77 
1900.30 

ls.7, 
10.1 

1.05 
1.11 

8.5 
8.5 

11.5 

L900.24 

is.l 

3.00 

S.7 

s.7 

Li -1 

356.5 

2.  SO 

s.  1 

0.;; 

11.2 
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1 29.     DM. 
a  =  ll*13m15s    ; 

1900.240       35o!o 
.377       350.4 


-12°3393. 

8  =  —12°  50'. 


0.59 
0.72 


9.0 
9.0 


11.5 
10.0 


1900.31 


350.2       0.66      9.0       10.8 


130.     DM. 

a  =  llh  13"'  52s 

1900.240  134.8 
.243  134.5 
.262       134.0 


_10°3239. 
8  =  —11°  13'.2. 
1.20       8.0         S.2 
1.20       8.5         S.6 
1.16       8.0        8.3 


1900.2;". 


L34.4       1.19       S.: 


8.4 


131.     DM 

a  =  llh  31m  26s 

1900.243  156.6 
.273  100.4 
.374        L57.2 


-13J3409. 
:     8  =  — 13°  21'.3.0 

3.12  9.0  L0.5 
3.24  9.0  10.0 
3.29      9.0       LO.O 


1900.30 


158.1       3.22       9.0       10.2 


137.     DM.  -11=3121. 
a  =  12''  57'"  50s     ;     8  =  — ll°37'.l. 

1900.415  120.9  3.62  9.0 
.494  120.0  3.57  9.2 
.513       121.1        3.54       9.0 


9.2 
9.5 
9.0 


'J.  2 


132.     DM. 

a  =  llh55m42s     : 

1900.128  00.9 
.243  61.7 
.374         G2.7 


1900.25 


-11°3161. 
8  =  — 11°35'.9. 

1.45       8.0         9.0 

111       s.o         9.0 
1.44      s.o         O.o 

o.o 


61.8       1.44       8.0 


133.     DM. 

a  =  12*  7™  4-      ; 

1 '.poo. 298  329.6 
.300  328.2 
.412       330.7 


-2l°3491. 

8  =  —21°  57' 

[.52       8.5 


1.56 

1.54 


8.5 

9.0 


8.5 

8.5 

10.0 


I '.ion.::  I 


329.5       1.54       S.7 


O.o 


131.     DM 

a  =  12*  31'"  39» 

1900.374         54.5 

..'177  57.1 

.415         55.6 


1  000.30 


55.7 


-11°S337. 

I     8  =  — 11°49'.8. 
2.07       8.5       10.0 
2.55       8.5      10.5 

2.48       8.5       11.0 

2.57       8.5       10.5 


135.     DM. 

a  =  12*  43'"  49' 
I '.1110.2  13  353.6 
.208  352.8 
.374  353.1 
.377       352.7 


- 1 2  : 
8  = 
3.16 
3.31 
3.58 
3.  is 


700 
-13c 

s. 

8. 

9. 


0  4'.9. 

6 

o  8 

5 

9.0 

0 

9.5 

5 

9.0 

1900.47         120.7       3.58       9.1 

138.     DM.  -6°3957. 

a  =  14"  10"'  44*     ;     S  =  — 6°35'.8. 
1900.128         58.6       0.14       8.S         8.8 
.377         58.9       0.17       s.s         9.0 
.423         58.3       0.56       8.5         8.7 


1900.32 


353.0       3.3S       s. 


136.     DM. 

a  =  12"  45'"  13" 

1000.292       133.4 
.412       130.1 


-17°; 
8  = 

0.78 

o.::; 


—  is    •>'-,. 


9.3 


9.2 
9.5 


I! .31 


58.6       0.49       8.7 


1900.35 


131.7       0.75       9.0 


9.4 


139.      DM. 

a  =  14"  11'"  50s      : 

1900.240       118.2 

.377        121.3 
.418       117.9 


-10°3865. 
8  =  — 11°  11' 
0.90       9.5 
0.98       9.0 

0.S2      9.0 


145.     DM.  +531772. 

a  =  15"  11"'  11-     ;     8  =  +52°  57' 

1900.576  129.3  1.S1  9*0 
.:.70  128.2  .  .  0.0 
.020       131.0       2.07       9.0 


12.5 
1  2.5 
12.5 


1900.59 


129.5       1.0  1       9.0       125 


9.5 
9.5 
9.2 


looo.;;  i 


119.1       0.90       9.2 


'.i.l 


140.  DM 
a  =  14"  27'"  S8 
1900.377  179.7 
.418  183.3 
.423  184.1 
.470       182.4 


-12  1070. 
8  =  -12°33'.8. 

l.oi       8.8  9.0 

1.16       8.5  9.0 

1.2  1       8.5  8.8 

1.25       8.2  8.8 


I '.loo.  12 


182.4        1.10       8.5 


8.9 


141.     DM. 

a  =  14"  43"'  47s     : 

1900.37  I       323.9 

.US       324.0 
.470       322.3 


-in  .",007. 

8  =  —in   24'.' 

0.42       7..-. 

8.5 

0.33       7.7. 

8.5 

0.37       7.5 

9.0 

1 '.II  in.  12 


323.4       o.37 


.... 


8.7 


142.     DM. 

a  =  14"  50'"  19s 

1900.470  10.1 
.101  13.7 
.I'.H         10.0 


-12°  110.".. 
8  —  — 12°48'.l. 
2.45       8.5        12.5 
2.51        >i.r,       12.0 
2.50       8.5        12.5 


1900.48  11.3       2.49 


12., 


143.     DM. 

a  =  15"  4'"  42-      : 
1000.570       125.9 

.570         1-0. S 

.620       128.6 


l'.Mll  i. 50 


127.1        0.71 


-1  55  1  73.'!. 
8  =  +55°38'.8 
0.69  9.0  9.5 
0.75  9.2  9.5 
0.79       9.0         9.2 

0.1 


9.4 


114.  DM 
a  =  15"  0'"  5s  : 
10011.570  242.1 
.579  238.5 
.5SS  247.8 
.020       241.1 


+  20°3075. 

8  =  +20°  43'. 7. 
0.81       8.5       11.5 
0.68       9.0       10.5 
0.50       8.8       10.5 
0.57       8.8       11.5 


140.     DM.  +  21=2750. 
a  =  15"  16'"  32"     ;     8  =  +21°  25'.5. 
L900.5888     172.1       0.27       8.8         9.0 
.620       171.4       0.26       8.5         9.0 
.623       171.7       o.23       8.8        9.0 


1900.61         171.8       0.25       8.7 


1'.  H  H  I. V.I 


242.4       0.66       8.8       11.0 


147.     DM.  +5.;  177  1. 


a  =  15"  17'"  33s 

1000.115      293.7 


.423 

.0.20 


203.5 
295.3 


8  =  +5; 
0.50  9.0 
0.53  9.2 
0.54       9.5 


0'.; 


9.0 


0.4 
9.8 

0.7 


1900.49 


294.2       0.52       9.2 


9.6 


lis.     DM. 

a  =  15*  19'"  51s 

I  sos  loo       200.5 

1900.412       200.6 

.415       201.0 


+  55=1748. 
8  =  +55°  37'.7. 

1.46      .    . 

1.12      9.0       lo.o 

1.50       9.0        9.5 


L899.74 


200. 


1.48      9.0 


9.8 


110.     DM. 

a  =  15*  21"'  52-      : 

1000.415  294.0 

.423  293.3 

.020  299.9 

.023  295.2 


+54°1745. 
8  =  +54°34'.0. 

0.22        7.0  7.H 

o.2l        7.0  7.2 

0.18       7.5  7.0 

0.21        7.0  7.0 


1900.52 


295.6       o.21        7.1 


7.2 


150.     DM. 

a  =  15"  24'"  18s 

1000.570  20.3 

.570  27.7 

.588  25.9 


+  21°2774. 
8  =  +20°  58'.:,. 
1.40       9.0         9.5 
4.50       9.0         9.5 
1.12       9.0         9.2 


1900.58 


26.6       4.46       9.0 


'J.l 


151.     DM. 

a  =  15*  20'"  32 

1900.374  310.9 
.415  313.0 
.418   308.0 


-13°4200. 
8  =— 13°20'.3. 

1.00  8.8  13.0 
1.2S  S.5  12.5 
1.00        S.O        13.0 


1000.10 


310.9       1.12       8.4        12.8 


152.     DM. 

a  =  15"  44"'  14- 

1000,115  246.9 
.423  24S.0 
.579       245.6 


+  52c10n5. 

;     8  =  +52=17'.l. 
3.35       7.5        11.5 
3.70       s  11 

3.55       7.s       12.0 


1000.17 


246.8       3.53.       7.S        11.5 


3 


T  II  E     A  STBONO  M  LCAL     JOUE  N  A  L. 


N"   is.". 


L53.     DM.  -12°4353. 


a  =  15 


8  =  — 1! 


I  '.MIL  .ll.'. 

.lis 
.470 


78.9      0.30 

78.8 

81  :.       0.36 


8.0 


L900.43 


79.7 


0.33 


8.5 

7.S 

T.s 

s.u 


154.    DM.  r.-.i-i:s; 


a  =  15 

L900  Ho  269  6 

.423  268.5 

.579  272.9 

1  '.H  nt.  17 


U'.S. 


0.3       1.46 


161.     DM.      1  t°4508. 
u  =  16h  52'"  14'     :     8  =  —14    SB'.S. 


L900.470 
.513 
.530 


L900.50 


L2.5 
12.0 
L2.0 

16.4       2.96       s.7       12.2 


L6.5  2.94  8.5 
IC.  I  3.09  8.5 
16.3       2.85       9.0 


L55.     DM.  -12°4431. 

a  =  t6"3n,4«     ;  8  =  —12    2S'.8. 

li .lis         62.5  0.86       9.0         9.0 

.494         62.4  0.88       9.0        9.2 

510         61.6  0.79       9.0         9.0 


Li i: 


62.2       0.84       9.0 


'.•I 


DM. 


156. 
a  =  16 

li .374         86.3 

.415        sir. 
lis         83.9 


11   1086. 
8  =  —ii   iS'.3. 
3.12       8.8       11.0 
2.98       8.8       13.0 
2.96      8.8       12.5 


1900.40 


849       3.02       s.s       12.2 


157.     DM. 

!•;    15    ."ii 


1900.491 
.494 
.502 

:.lo 

Li 50 


262.7 

264  r 
2g2  2 

it,:;.  7 


-12*4487. 

8  =  —12     7.1. 

L.26       9.0 


162.     DM. 

a  =  ir,"  :,:;•"  :;i- 

L! I7n       237.9 

.513       235.4 
.530       235.5 


-   I6°4386. 
8  =     u;  44'.9. 
0.42       8.0         8.. 
0.36       8.5         s. 
0.38       8.0         8. 


1900.50 


236.3,     0.39       8.2 


163.     DM. 

a  =  li'.'1  55™  39" 

L900.513       338.1 

.5:ki      334.5 

.538       333.5 


-12°4641. 

;     8  =  —12   4'.2. 
0.25       9.0 
0.29       8.8 
0.33       9.0 


1900.53 


335.4       0.29       8.9 


8.5 


9.5 
9.0 

9.2 

9.2 


169. 

171'.-. 


DM. 

14"     ; 


L6  l  L36. 

8  =  —io  -i-±'. ll. 


L900.513  220.6  0.12  8.0 

.530  223.5  it.  li  8.0 

.533  225.2  0.13  8.0 

L900.52  223.1  6\13  s.u 


8.0 
8.0 
8.2 


170.     DM.  +9°3339. 


I'.iun 


=  ll 
-.41 
.549 
.588 


30« 


8  =  +9   52'.9. 


273.3  1.58 
274.5       17  1 

273.4  1.80 


S.5  11.0 
8.5  10.5 
8.5       11.0 


1900.56 


273. 


171.     DM. 

a  =  17h  10'"  43s     : 

1900.533  189.r> 
.538  190.5 
.549       191.3 


1.71       8.5       10.8 

-17°4806. 

8  =  —  17°30'.l. 
1.80       9.5       lit.7. 
1.82       9.0       11.5 
1 .59       9.0       10.5 


164.     DM 

a  =  li'.'1  58m54s 

1900.510       341.3 

.513      341.0 

.530       342.0 

1900.52 


-12°4655. 
8  =  —12°  32'.0. 
1.7  7       6.5       11.5 
1.78       6.5       11'..-. 
1.80       0.5       12.5 


341.4       1.78       6.5       12.2 


1.35 
1.20 
1.21 


263.3 


9.0 
9.0 

s.s 

9.0 


9.2 


158.     DM. 
a  =  16h21     : 

Li .491        L34.3 

.494       134.7 
.510       134.5 

L! .50         L34.5 


-11°4140. 

8  =  — ir  r.i'.'J. 

it.15       8.8 

9.0 

0.46       9.0 

9.2 

0.46       8.5 

8.8 

0.46       8.8 

9.0 

165.     DM. 

a  =  17"  It"1  7*     ; 
1900.510         41.5 
.513         43.5 

.5:iii         40.0 


-14   1540. 
8  =  —14   13'.6. 
0.52       9.5       11.5 
0.66       9.0       11.5 
0.67       8.8       ll.o 


1900.52 


11. 


l.v.t.     DM. 

-11°4 

233. 

a  =  I6h    19      15 

8  =  - 

1 1    23 

3. 

Li .I'.'l 

151.6 

L.36 

8.5 

9.0 

.494 

151.7 

1.  •_'.-. 

8.5 

9.0 

.502 

151  - 

1.33 

8.5 

9.2 

9.1 

151.7 

l.::i 

8.5 

ion.     DM. 

•  lo°; 

099. 

a  = 

:    8  = +10    23 

.9. 

Li .527 

202.8 

0.59 

9.0 

9.0 

.549 

203.8 

0.67 

9.0 

9.5 

.588 

203.5 

9.0 

1900.55 

203.4 

0.61 

8.9 

9.2 

L66.     DM. 

a-=  171'  1'"  29!     ; 
1900.510       297.3 
.513       299.7 
.530      301.5 


0.62      9.1       11.:: 

-12°4664. 
8  =  —12   54'.5. 
1.28       9.0       12.0 

1.17  9.0       L2.5 

1.18  9.0       11.5 


1900.54  190.4        1.74       9.2       10.8 

There  is  also  a  10th  magnitude  companion 
in  the  position,  203°.0  ;  0".40. 


171 


DM. 


a  =  17h  12"' 40" 

1900.511  347.9 
.549  346.8 
.588       347.7 


+  11°3153. 
8  =  +11°  19'.6. 
0.82       9.1        12.0 
o.c.O       9.5       11.5 
0.0,5      9.0      11.5 


190(1.50 


347.5      0.09       9.2       Ll.'i 


17.°..     DM.  -lit  I  179. 


I! I  12 

.'470 
.491 


171'  10m  9' 
359.4 
358,7 
359.0 


0.70 
0.71 
0.70 


Hi"  :,7 

8.5 


8.8 
8.8 
9.0 


L900.47 


359.0       0.72       8.5 


8.9 


1900. 


299.. 


1.21 


9.0 


11'. 1 1 


107.      DM 
i=  17L  3"  51 
10.549         5S.9 
588         61.3 

V.tl  58.3 


Hu  :;i  17. 
;    8  =  +'•'  58'.2. 
0.51       9.5 
0.65       9.5 
0.58       9.5 


lit. it 
9.5 
9.8 


1900.58 


59.5        (I.5S        9.5 


9.8 


168.     DM.  -17°4731. 

8  =  —17=  :.:;'.  2. 
0.37       .    . 
0.35      .    . 
0.34       8.5 


174.     DM. 

a  =  17"  IS"'  54s 

1900.533         43.0 

.538         44.4 

.549         42.3 


_16°4541. 

8  =  —16°  O'.O. 
1.87       8.8       12.5 
2.00       8.8       13.0 
2.15       8.5       13.0 


1900.54 


43 


175.      DM. 

a  =  171'  21'"  35 

1900.418         68.3 

.111'         68.2 

.470         07.7 


2.01       8.' 

.   12  1754. 

8  =  -12° 
1.59        8.i 

I. os      8.i 
l.oo      8., 


ll'.  8 


L2.0 

i:;.o 
L2.0 


1900.1  I 


68.1       1.0 1       8.6       12.3 


a  =  17'  -!">  II 

Li .513       111.1 

.530       108.9 
.533       107.2 

li 52 


1(19.1       0.35       8.5 


8.5 


170.     DM 

a  =  17h  24'"  31 

1900.549  345.4 

.588  346.2 

.591  342.5 

.597  343.7 


'  s  3425. 
;  8  =  +8° 
0.28  9 
0.25  9 
0.25  9 
0.23       9 


1900.58         344.5      0.25      9.2 


9.8 

9.1' 

9.5 

9.2 

9.1 


JN°-485 

TH 

E     AST] 

lONOMICAL     JOURNAL. 
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177.     DM 

.  -14°4665. 

185.     DM 

.  -16°4599. 

193.     DM 

.  -14°4S70. 

a  =  171'  24'"  .-,<>• 

;     S  =  — 14°  41 

■'■ 

a  =  17 

'  37'"  45- 

;     8  =  —16°  46 

'.0. 

a  =  17h 

58™  22s 

;     8  =  — 14    15'. 

0. 

1900.533         87^5 

0.36       8.0 

9.5 

1900.533 

296°.8 

1  90       s!b 

12.5 

1900. 5: 18 

123°.5 

O.50       <x:, 

o'.s 

.538         84.1 

0.36       8.5 

9.5 

.538 

299.5 

1.7;i       8.5 

12.0 

.568 

123.6 

0.62       9.5 

9.5 

.549         84.1 

0.40       8.8 
0.37       8.4 

9.5 
9.5 

.568 

298.5 

4.68       8.5 

12.0 

.020 

119.7 

0.72       9.5 

9.5 

1!  »00.54           85.2 

1900.55 

298.3 

4.77       8.3 

j ..  ■> 

1900.58 

122.3 

0.63       9.5 

9.6 

178.     DM 

-13°4639. 

186.     DM 

-18°4645. 

194.     DM 

-17"5007. 

a  =  17''  20'"  12* 

;     8  =  —13°  31 

'.4. 

a  =  1" 

Ml™  36" 

;     8  =  —18°  4' 

2. 

a  =  17"  58'"  49" 

;  .8  =  -17°  2'. 

. 

1900.418       1 76.5 

2.60       9.0 

0.0 

L900.530 

341.3 

1.01        7.0 

11.0 

li .562 

300.7 

0.49       8.5 

11.0 

.442       178.5 

2.57       8.8 

0.0 

.533 

336.9 

1.02       7.5 

11.0 

.568 

307.6 

0.41       S.S 

9.5 

.470       177.2 

2.56       9.0 

9.2 

.538 

341.8 

0.96       7.0 

12.0 

.620 

.626 

301.1 
303.3 

0.44       8.5 

0.46       8.5 

10.0 

1900.44         177.4 

2.58       8.9 

9.1 

1900.53 

340.0 

1.00       7.2 

11.3 

9.5 

1900.59 

305.4 

0.45       8.6 

10.0 

179.     DM 

+  11°3194. 

1S7.     DM 

-16°4622. 

a  =  17"  27'"  08 

8  =  +n°  16' 

9. 

a  =  17' 

4:','"  15* 

;     8  =  —16°  12 

.9. 

19 

5.     I  >M 

-17°5052. 

1000.511            51.1 

2.03       8.8 

9.0 

1000.533 

SO.O 

4.53       8.3 

1  1.5 

a  =  18"  4"'  57s 

;    8  =  -17°  9'. 7 

.510         51.8 

2.24       8.8 

0.0 

.538 

86.0 

1.55        8.5 

12.5 

1000.560 

70.4 

1.05       8.5 

13.0 

.588          52.0 

2.24        8.8 

8.8 

.562 

87.6 

1.51       8.5 

13.0 

.51;;; 
.568 
.620 

70.7 
76.1 
72.8 

0.96       8.5 

1.05       8.5 
1.22       8.5 

13.0 

1900.56           51.9 

2.17       8.8 
-13°4664. 

8.9 

1900.54           86.S 
188.     DM. 

4.53       8.4 
-13°4770. 

12.3 

13.0 

12.5 

180.     DM. 

V. .58 

72.5 

1.07       8.5 

12.9 

a  =  17h  29"'  48s 

8  =  —13°  55' 

7. 

a  =  17 

■  46">  6« 

8  =  -13  35'. 

1. 

1  k;     dm 

.  -KS°3021. 

1900.442       221.7 

0.47        9.0 

9.2 

1000.401 

IS. 7 

0.46       9.0 

10.5 

a  =  IS 

1900.588 

.501 

8  =  +^    56  9 
0.23       9.2 
0.2s       8.8 
0.24       9.0 

.170       222.7 
.491       224.0 

o.l.-,       8.5 
o.5o       .    . 

8.5 

.494 
.513 

48.0 
49.7 

o.51       9.0 
0.46       9.0 

10.2 
11.5 

'  9"'  7s     ; 
346.7 

3  15.1 

9.5 
9.2 
9.0 

1900.47         222.8 

0.47       8.7 

8.8 

1000.50 

18.8 

0.48       9.0 

10.7 

.507 

343.4 

1900.59 

345.1 

0.25       9.0 

9.2 

181.     DM. 

-15°4635. 

ISO.      DM. 

I-  1770. 

a  =  17h  33™  40" 

8  =  —15     42' 

1. 

a  =  17' 

I','"  25' 

8  =  —13   37' 

0. 

10 

7.     DM. 

+  10°3473. 

1900.538         07.1 

•MS         0.2 

9.8 

1900.480 

231.3 

1.10        7.5 

S.5 

a  =  IS" 

14-58" 

8  =  +10°  14'.4 

.5  10         93.2 

0.20       9.0 

0.0 

.491 

230.2 

1.18       7.5 

8.0 

1000.571 

28.0 

0.40       8.5 

9.5 

.568         94.3 

0.21        0.5 

10.0 

.10  1 

233.7 

1.27       7.5 

9.5 

.588 
.591 

29.1 
27.0 

0.32       8.0 
0.36      8.0 

9.0 

1000.55            94.9 

0.20        9.2 

9.6 

L  900.49 

231.7 

1.21       7.5 

8.7 

9.5 

1900.58 

28.0 

0.36      8.2 

9.3 

182.     DM. 

-13°4704. 

190. 

-13°4807. 

a  =  17h  .".4"'  43'     : 

8  =  —13°  15' 

.-,. 

a  =  17 

53"'  4-      : 

8  =  —13c  :■/., 

198.      DM 

+  8  .3780. 

1900.491         10.1 

1.46       9.0 

10.0 

1900.415 

216.1 

0.46       9.0 

10.5 

a  =  IS" 

33"'  3,4s 

;     8  =  +S°  44'.8 

.494          10.1 

1.39       9.0 

9.0 

.491 

217.3 

o.40       9.5 

10.5 

1900.415 

192. 5 

0.20      8.0 

8.0 

.513         11.4 

1.41       9.0 

9.0 

.513 

221.0 

o.lo       9.0 

10  5 

.418 

.470 

191.5 

107.2 

0.21       8.5 
0.26      .    . 

8.8 

1 00(1.51 1          10.5 

1.42       9.0 

9.3 

1900  17 

218  1 

6.48       9.2 

L0.5 

-14°4726. 

191.     DM. 

-13°4812. 

.571 

199.8 

0.20       9.0 

9.0 

183.     DM. 

1900.47 

195.2 

0.22       8.5 

8.6 

a  =  17''  35™  47s     ; 

8  =  —14-  27'. ( 

a  =  17'' 

54"'  5"     ; 

8  =  —13    44'.i 

1900.538       293.8 

1.07       8.5 

10.5 

1000.  ||5 

120.3 

1.30       9.0 

9.0 

io;: 

DM. 

+  11°30-I2. 

.549       295.5 

l.oo       S.8 

9.2 

.101 

121.3 

4.18       0.5 

9.5 

a  =  IS"  4 

7"'  27"     : 

S  =  +ll°4ii'.7 

.568       295. 1 

1.26      o.o 

9.2 

.513 

121.2 

4.42       8.8 

9.0 

1900.591 
.597 

.623 

5.1 

0.21       8.5 
0.25       8.8 
0.23      S.S 

9.0 

9.2 
9.0 

1900.55        294.8 

1.14         S.S 

-15°4651. 

9.6 

1900.47 

19: 

120.9 
'.      I'M. 

4.30       9.1 

-14°  is  11. 

9.2 

1.5 

184.     DM. 

1900.60 

3.5 

0.23      8.7 

9.1 

a  =  17''  30'"  29« 
1900.538       273.4 

8  =  —15   40'.£ 
1.15       8.5 

10.0 

a  =  171'  54"'  18"     ; 

1900.538       136.5 

8  =  — 14°  29'." 
2.50        9.0 

11'.  5 

200.      r  Ct 
a  =  20"  ■■  3">  41" 

ipricorni. 

8  =  —15    is'.;;. 

0.17      :>.:< 

.549       273.0 

4.50       8.5 

9.5 

.568 

135.0 

2.52       O.o 

13.0 

L  900.626 

270.5 

7.0 
6  5 

.568       274.8 

1.50        8.5 

9.0 

.620 

137.0 

2.51       9.0 

13.0 

.647 

209.0 

0.16     :>.:> 

1900.55         274.0 

4.48       8.5 

9.5 

1900.58 

136.2 

2.53       9.0 

12.8 

1900.64 

209.8 

0.17      :,.:< 

6.8 

Lick  Observatory,  Ml.  Hamilton,  Cal.,  1900  August  29. 
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ON    TIIK    STAR    LALANDI-:    147.")."), 

Bl    R.  T.   A.    IWKS. 


municated  by  David  Gill,  ('A'-.,  etc., 

This  star  was  looked  for  b]    Irgelander  and  not  found. 

He  writes  in  the  7th   volume  of  the   Bonn   Observations, 

•  •  Zu    \  i  en    Zeiten    \  ergebens   gesucht. 

man  die  Stelle  mil  meiner  Zone  284,  so  linden 

sich  alle  tibrigen  an  beiden  Orten  gemeinschaftlich,  nur  der 

ehe  Stern  fehll   bei  mir,  wahrend  ich  unter  No.  163 

einen  Stern  8*  habe,  der  bei  Lalande  fehlt.     Beide  wtirden 

abereinkomnien.  wenn  man  bei  Lalande  lase  I'l'  23  31  si  23 

•jl  und  Z  D  69   L5  50  s1  69  0  50.     Bei  der  Eile,  mit  der  beo- 

bachtel    wnrde,    scheint    mir   diese   Correctur    nichi    gam 

unwahrscheinlich." 

These  assumpl  ions  were  adopted  at  the  Paris  <  ►bservatory, 
and  we  find  in  the  Paris  Catalogue,  No.  9309,  Lai.  1  1755, 


II. M.  Astronomer  :ii  the  Cape  of  Good  Hone.] 

\l\  observations  now  enable  me  to  saj  thai  the  star  of 
the  DM.  ami  CI'.  I ).  is  not  the  star  observed  by  Lalande. 
I.u.wm's  star  is  aboul  15"  or  20"  S. pr.  the  ( MM),  star, 
and  this  is  not  inconsistent  with  the  positions  above- 
quoted. 

Sometime  in  Feb.  Mar.  1899  I  noted  a  10M.5  star  S.  pr. 
the  C.P.D.  star.  This  star  was  invisible  in  .lime  when  I 
made  the  new  map,  but  on  Sept.30  I  saw  it  again;  in  fine, 
the  observations  stand  thus,  taking  the  C.P.D.  star  as 
-  9».9. 


:l    13 


8  =  -20°  38' 


Paris  Lalande 
J8".6    +  0US    -8".4 


In  spite  of  the  excellence  of  this  agreement  I  venture  to 
point  out  that  it  is  incorrect 
We  have  for  1875: 

Mag  a  8 

Lalande  14755  -     :"-J7"\Ls    -20  23.4  r™$££J 

8  DM  -20  2007  L0     7  27   13.1     -20  23.9 

Kap.C.P  I'      20  2569     9.9    7  27   12.6   -20  23.3 

Schonfeld  givt  rence,  but   Kaptetn   identities 

I  1M>.  stai  both  with  Lalande  and  DM.  -20°2007. 
I  was  making  a  map  for  the  variable  star  2690 
\  Puppis,  1  was  struck  bj  the  faintness  of  the  C.P.D.  star 
identified  as  La:  lnde's,  and  1  at  once  assumed  it  must  be 
variable.  At  the  telescope  I  found  that  the  small  scale  of 
in\  map  and  the  large  number  of  faint  stars  thereabouts 
on  a  little  difficult.  !  therefore  main-  a 
larger  map  from  the  sky  on  the  L9th  June,  L899.  Pro- 
fessor Kwiiv\  also  considered  the  Lalande  star  as  a 
probable  variable,  as  it  is  contained  in  a  valuable  series  of 
"Suspected  Variables "  which  he  transmitted  to  Dr.  Gill 
in    1899,  and    which    reached    the   Cape   on    the   30th   of 

Roy        ■  ' I   Good  Hope,   L899  Nov.  22. 


899  i  Feb.- Alar.) 
June— Aug. 

(10.4, 
inv. 

Sept.30 
Oct.   27 

11.5 

seen 

Nov.  11 

9.85 

12 

9.85 

18 

0.7 

21 

9.5 

3  obs. 


It  is  therefore  beyond  doubt  that  this  is  Lalande  14755, 
and  that  it  is  variable.  It  is  very  remarkable  that  this  is 
one  of  the  few  stars  for  which  Lalande  gives  no  magni- 
tude. The  period  of  X  Puppis  has  until  now  been  given 
as  415  days  or  half  thereof,  but  it  is  really  about  26  days. 
which  is  more  in  accordance  with  the  small  variation  of 
light  which  the  star  undergoes. 

It  is  well  in  this  connection  to  recall  the  circumstances 
attending  the  star  0. A.  21384.  Professor  Weiss  writes, 
"An  dieser  Stelle  in  Wien  wiederholt  vergeblich  gesucht. 
Wohl  bios  der  folgende  Stern  mit  Doppelf ehler :  in  \.K. 
um  Is  zu  klein  und  Mikr.  zu  lesen  0°  44'  statt  8C  54'.  Die 
Position  ware  dann  1'iir  1850.0:  a  =  21'1  17™  50".22, 
8  =  —29°  :;<)'  15".3"    I  Weiss's  Argelander,  pp.  500-1). 

These  corrections  make  the  star  id  cut  ical  with  O.  A.  21 385, 
a  =  211'  17'"  50s.65     ,     8  =  -29°  39'  14".6. 

Nevertheless  6.A.  21384  really  exists  in  Akgelandek's 
uncorrected  position.     It  is  the  variable  star  S  Microscopii. 

Great  caution  is  thus  evidently  required  in  assuming 
errors. 


CON  T B \   I  S  • 

Ptoj  Bin  's  Problem,  v.y  <..  W.   Hill. 

Observations  oi    One  Hundred  Ne\i   I ;n    Stars  (Second  Catalogue),   bi    William  J.  Husset. 

on ■■mii    Star  Lalande  14755,  i:\    R.  T.   A.   I\m^. 

p crushed  in  Boston,  tri-monthlt.  by  S.  C.  Chandler,    address.  Cambridge.  Mass     associate  editors,  asaph  Hai.i.  and  Lewis  Hosk. 
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DOUBLE-STAR    MEASURES, 

By  W.  A.  C'ot.i.sH.U.I.. 


The  following  measures  were  made  with  the  24-inch 
refractor  of  the  Lowell  Observatory.  The  stars  are  all 
taken  from  the  "First  Catalogue  of  Double  and  Multiple 
Stars  discovered  at  the  Lowell  Observatory,"  between  IS'1 
and  24''  right-ascension  (epoch  1900.0).  When  weather 
and  seeing  permitted  I  have  endeavored  to  obtain  three 
nights'  observation  of  each  star,  but  during  the  fall  and 


A,  348. 

a  =  18"  8m  518.2     :     8  =  —24°  32'  2».6 

9.3     :     12.5 

'  6  p 


winter  this  has  been  impossible  in  some  cases,  especially 
with  very  difficult  stars  and  those  far  south. 

Each  observation  is  composed  of  four  settings  of  the 
micrometer  for  position  angle,  and  three  double  distances. 
The  magnitudes  are  means  of  estimates  made  at  each  obser- 
vation. Those  measures  made  by  Mr.  Boothroyd  are 
followed  bj   -  B." 


99.641 

299.2 

1.14 

.617 

301.1 

0.96 

.673 

305.9 

0.78 

1899.654         302.0  0.96 

This  star  is  erroneously  identified  in  the  Ai 
catalogue  as  Cord.  G.C.  24847.  It  is  Cord.  G.C. 
24S0tl. 


A,  349. 


a  =  IS"  '.!"•  39».0 


8  =  — 18°  40' 37».5 


1899.641 

.67.-. 


9.0     ;     1.;.7 
L29.8         10.01 
•130.5         10.18 


1899.658 

130.1         10.09 

A,  352. 

a  =  lSh  19" 

12".2     ;     8  =  — 30°  16' 9".5 

7.5     ;     14 

1899.575 

75.6          3.04 

.602 

69.2           3.02 

.COS 

71.1            .    .  • 

1899.595  72.0  3.03 

•Measure  stopped  l>y  clouds. 

A,  •">.">•">. 
a  =  18h  24m  31s.2     :     8  =  — 33°3' 17".3 
.1  B 
1899.689 

Seeing  verj  good,  bul  I  cannot  make  out 
any  duplicity  in  this  star.  Star  small  and 
steady. 


AB  „ 

2~ 

6    ; 

11.5 

t 

e 

P 

1899.630 

201.1 

3.33 

.649 

201.6 

3.38 

.673 

L99.5 

3.11 

1899.651 

200.7 

A  B  , 

3.27 

—  i> 

1)  =  13 

1899.630 

338.4 

28.5  1 

.649 

338.7 

28.57 

.673 

338.8 

28.74 

1899.651 

338.6 

28.62 

A,  354. 

tt  =  lSh  25 

"  34*.  S     ; 

8  =  —18   28'  1 

5 " .  ■"> 

6    ; 

13.7 

1899.647 

L82.8 

25.01 

.675 

183.9 

24.80 

.689 

182.2 

24.52 

1899.670 

183.0 

24.78 

V 

.">.">. 

a  =  IS" 

!0m  2  .8 

:     8  =  —19°  17 

6 

6.3 

12.S 

1899.610 

241.4 

11.72 

.616 

239.8 

11.80 

.692 

239.2 

11.75 

1899.639 

240.1 

11.76 

This  star  is 

not  i  lord. 

..(  . 25376 asori 

.inallv 

published,  but  is  S.  DM 

— 19°5097. 

A,  356 

a  =  18h  36' 

19s.O     : 

8 

=  —29=34'  23". 6 

S.3     : 

8. 

5 

/ 

e 

P 

1898.698 

1899.427 
.471 

134.7 

134.1 
134.0 

3.31 
3.35 
3.52 

1899.199 

134.3 

3.39 

A,  357. 

a  =  IS"  3S 

"  0\  1      : 

8  = 

=  — 29°31'  39".5 

1899.725 

Have  looked  for  this  star  on  four  different 
nights,  but  have  been  unable  to  find  anything 
like  it. 

A,  358. 

a  =  IS"  38" 

33'.  4      : 

8 

=  —25°  53'  in  .2 

7.5      : 

S.i 

1899.471 
.573 

30.7 
29.5 

1.60 

1.66 

1899.522 

30.1 

1.63 

V 

60 

a  =  IS"  40" 

ls-.s      : 

8  = 

22    29'  17". '.i 

."..11      : 

14 

3 

1899.689 

,7o;i 
.725 

209.1 
210.8 

207.9 

12.06 
1  1.94 

1899.708 

209.3 

12.00 

(-11) 


IL' 
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A,  361. 

u  =  i  '-   28'.6 

7.8     :     7.8 

i  e  p 

L899.638  L40 

668         230.9  1.05 

.675         229.5  L.18 


230.4 


1.21 


A,  362. 
a  =  lSb  l:"."  H.I      ;     8  =  —20°  26'  L8  .2 
6.3     ;     13.7 
L899.589             L.8         L7.67 
.602             1.3         1  7.66 
.cit:.  L6         L8.08      

L 899.599  L.6        1 7. so 

A,  363. 
a  =  18"  18">  l".2     :     8  =  —32   S3'  21 M 
9.0     :     U 
1899.610  95.3  5.10 

.717  95.1  5.15 


L899.663 

95.2 

5.13 

a  =  l-     1'.' 

L899.485 

V 

95.0 

64. 

8 

=  —28° 
0.44 

15'  25'.  1 
B 

L899.689 

.711' 

95.8 
97.8 

0.66 

0.37 

1899.716 

96.8 

0.51 

C 

A,  367: 

a  =  Is-  57™  29".l     -     S     -      34    31'  2<\6 
S.2     :      I'.n 

L899.485  7.0  L.16 

.592  9.1  1.30 

.673  8.1  0.75* 


L899.583            8.1  1.07 
i  bad. 

A,  368. 

u  =  is"  58™  20".4     :  8  =  — 31c  •".'  1'i  .1 

-     :  [1.5 

1899.427         305.3  L6.63     B 

307.1  16.29 

.627         305.1  16.51 

L899.626 


306.1 


16.40     C 


a,  36 

a  =  18*  581"  U  - .  _'     :  8  =      21    53'  I  I  .9 

l. ii     :  12.7 
L899.675         239.8         33.47 
234.0        33.69 
.689        240.6        33.68 


1899.684 


238.1 


33.61 


A,  370. 

a  =  19*  -""  4-.:;     ;    8  =      35 
.i  /; 

7.:.     :     11.5 
t  6  p 

1899.647  '.'••;.  I  2*27 

.649  92.7  2.42 

.C,7!  92.9  2.41 


1899.656 

L899.647 
.649 

.671 


93.0 

.  I  < '.      C  . 

69.3 
70.3 
69.6 


2.37 

10.3 

7.11 
7.26 

7.2:; 


L899.656 

1899.647 
.649 
.671 


69.7 

.1  1 1.     i  > 
L53.5 
156.9 
L55.1 


7.2(1 

12.:, 
17.se, 
is. 51 
18.16 


1899.656 

L899.647 
.649 

.e,71 


155.2 

D  A.'.      E 

223.6 

225.3 

22.7. 1 


18.18 

:  13.3 

5.52 
5.91 
5.45 


L899.656 


224.8 


.63 


A,  371. 

a  =  1!!''  i!'"  7.1      ;  8  =  —  22°  5'  27".2 

8.0     ;  12.S 

1899.427         330.1  7.33 

.471         330.8  7.47 

.57:!            .    .  7.06 

.675        329.6  7.13 


1899.536 


:;:!(!.•_' 


._., 


A,  372. 
a  =  in1'  12"'  28».6     ;     8  =  —33°  27'  14".s 
8     ;     S 
L899.641  L49.0  0.56 

.700  116.7  0.52 

.722  1  10.6  0.48 


L899.690 


1  15.1 


O.i 


A,  375. 
a  =  19*  20m  32».6     :     8  =  —26°  30'  59*.  1 
7.7     :     11.8 
1899.592         167.0         12.25 
.ooo         107.7         12.31 
.610  167.0  12.22 


1899.601 


107,1 


12.27 


A,  376. 

a  =  19'  21'    9  .6     :  o  =      31    34'  52".0 

8.7     :  S.7 
1899.471          112.6  0.86 

.075         116.8  0.45 

.706         11  1.2  0/79  

L899.617         114.5  0.70 


A,  .",77. 
u  =  19"  IS'"  41-.1     :     8  = 
s.2     :     9.7 
'  d 


L899.485  298.4 
.586  296. 1 
.613         297.7 


207 


P 
L77 
1.58 
1.70 

1.7(1 


L899.561 

This   star   is   not    Cord.  Z.C.  19h895   but  is 
Cord.  DM.      32   15154. 

A,  378. 

a  =  191'  22"'  HI-  4     ;     8  =  — 32    11'  35".6 
S.2     ;     9.0 
L899.427  2.6         10.13 

.485  :;.o         10.37 

1899^456  I'.S 


10.25     B 


A,  379. 

a  =  19h  22'"  27"4      ;  8  =   -30    11'  11 

10.2     :  12.7 
L899.717         270.7         17.34 
.722         271.1  17.09 

.733         270.S         17.00 


1S99.724 


1899.706 

.714 
.742 


270.9 


17.14 


A,  380. 
:;-.  1      :     8  =  -3! 
8.7     ;     9.5 
30.8  6.31 

32.0  6.51 

32.1  6.19 


1899.721  31.6  6.34 

Tins  star   is   not  Cord.  DM.  — 38°13542  as 
identified    by    Dr.  See,     but    is     Cord.  DM. 


— 38°13557. 

A,  381. 

a  =  W  26' 

0».4     ;     8  = 

=  -27°  57' 37'.5 

9.0     ;     10. 

i 

1899.471 

13.9 

L.60 

.485 

13.0 

1.72 

.512 

13.5 

1.45 

L899.489 

13.5 
A,  383. 

1.59 

a  =  19" 

29m±     ;    8  = 

=  —19°  25'± 

Have  not  been  able  to  find  this  star. 

A,  384. 

a  =  19h29" 

386.0     ;     8  = 

=  —23°  31'  41  ".4 

7.7           11 

2 

L898.744 

L67.5 

5.91 

.573 

167.7 

5.84 

.575 

167.4 

5.71 

1899.574 

167.5 

5.79 

A,  385. 
a  =  19h  31m  7».7     ;     8  =  — 21°  51' 19».8 
.1  B 
8.0     :     14. o 
1898.703  0.7  4.60 


L899.586 
.600 


0.5 


4.34 
3.78 


L899  593 


l.o 


1.06 
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AC.     C  =11.7 

89 

t 

8.703 

e          p 

SOO.o         27*90 

L899.586         301.2 
.600        300.1 


1899.593 


300.6 


27.42 


A,  388. 
a  =  19h  32™  52!.3     ;     8  =  —30°  58'  14".  7 
7..".     ;     10.7 
1899.714         198.7  2.59 

.717         200.5  2.69 

.742         196.7  2.42 


18011.724 


198.6 


...M 


A,  389. 

u  =  191'  :»"  49s.  1     ;    8  =  — 23°  39'  18".6 
1899. 7:.  0 

Seeing  best  for  a  long  time.  Found  shir  5" 
east  of  meridian.  Star  is  certainly  double, 
but  very  difficult.  Elongated  under  1000  diam- 
eters. Angle  settings  lis  ,  115  ,  113°.  Dis- 
tance cannot  be  over  0".  15. 

A,  390. 
a  =  10''  33'"  58B.0     :     o  =  —21°  13'  58".2 
7.5     ;     13.5 
L899.725  86.8         11.:;  I 

This  star  is  O.A.  19835  ami  net  O.A.  19840, 
as  originally  published. 


a  =  19h i 

1899.67:; 
.689 
.706 

1899.6)89 


\ 
43s.  1 
S.5 
35.9 
41.7 
36.1 


391. 

;     8  =  — 30°  33' 56".2 

;     9.5 

6.08 
6.04 
6.07 


.9 


6.06 


A,  392. 
a  =  19°  36'"  58".  I     :     8  =  — 39c  8'  30".l 
8.5     ;     12.5 
1899.638  123.0  9.03 

.647  126.9  9.76 

.706         124.6  9.25 


1899.664 


124.S 


9.35 


A,  393. 

a  =  191'  40'"  11\0  -  ;     8  =  — 27D  52'  44".5 
1899.750 

Cannot  see  tbis  star  double.    Seeing  best  for 
a  long  time.    Eye-pieces  up  to  1000  diameters. 

A,  394. 
a  =  19h  40m  21».7     ;     8  =  — 25°7' 16".3 
7.7     ;     9.2 
L899.64]         2ss.2  0.51 

.695         289.3  0.46 

.709         285.5  0.52 


1899.682         287.7 


0.50 


A,  395. 

a  =  191'  42™  12M      ;     8  =  — 2(i:,54'  19".! 
9     ;     9.7 

i  e  p 

1S9S.714         108°7  1.58 


1899.512 

106.0          1.86 

.573 

1(17.2           1.78 

1899.543 

L06.6          1.82 

A,  396. 

a  =  19h43n 

55B.9     ;     8  =  — 23°  58' 7".8 

8     ;     12 

1899.575 

269.6           6.35 

,586 

271.0           6.48 

.592 

270.5           6.51 

1899.584 


170.4 


6.47. 


A,  397. 
a  =  19''  45'"  1SS.4     ;     8  =  —36°  47'  12". 
8.7     ;     9.5 
1899.706         188.0  7.66 

.711  186.4  7.91 

.7:;:;         188.3  7.94 


1899.711 


187.6 


7.84 


A,  398. 

a  =  191'  49"'  29".5     ;     8  =  —38°  35'  II.!' 
7     ;     12.7 
1899.647         309.4         10.43 
.722         310.2  9.82 

.733         309,1         10.08 


1899.70] 


109.7 


10.11 


A,  399. 
a  =  19°  50m  17m;     ;    8  =  — 36c 
8.8     ;     13.2 
1899.711  31.8  4.86 

.717  31.6  4.02 

.722  31.9  1.27 


1899.718 


31.8 
A,  400. 


1.38 


a  =  19h  54"1  20s.6     ;  8  =  —  L>4    13' 41' 

S.5     ;  10 
1S99.I71              30.6  1.60 

.485  27.7  1.58 

.573  29.2  1,10 


1899.510 


L'9  '_' 


1.53 


A,  401. 
a  =  19h  55'"  27s.4     ;     8  =  —23°  0'  13".5 
1899.668    I  line  followed  this  star  10'"  with 
out  seeing  any  companion.   Have 
strong  doubts  of  its  reality,    sky 
very  dark,    and    definition   fair. 
No  trouble  to  sec  >,  Jos,  I0°far- 
i  her  ^"iitb,  and  15M. 
.67  1    Same  result. 

.725    Followed   5™   with   screen  in  eye- 
piece.    Nothing  visible. 


A,  402. 

a  =  19h  56'"  58s. 0     ;  8  =  — 36°  52' 28".0 

7     ;  12.2 

i               e  p 

1899.630         310J  21.38 

.706         309.5  21.26 

.711         309.7  20.96 


L899.682         309.8         21.20 

A,  404. 
a  =  191'  59">  9~.3     ;  "  8  =  —33°  16'  5S".9 
1899.742 

Star  found,  but  measure  prevented   by  bad 
seeing. 

A,  405. 
a  =  20h  0m  29s.6     ;     8  =  — 28°  39' 24".6 
S.3     ;    8.7 
L899.586         234.0  0.55 

.611  230.7  0.50 

.72S         231.7  O.I7 


1899.652         232.1  0.5] 


A,  406. 


a  =  201'  ii 

i  :;o- 

7     ; 

8  = 

=  —19° 

51'33".4 

8 

3     : 

11 

3 

L898.703 

5.] 

2.53 

.760 

4.0 

2.68 

1899.485 

1.3 

2.5  1 

1898.983 

4.5 

2.58 

B 

A,  407. 
a  =  20h2m21".5     ;     8  =  — 39°  0' 49".0 


1899.647 
.717 

.799 


8.2     ;  s.5 

259.7  3.15 

260.6  3.03 

259.9  2.83 


1899.721 


260.1 


.00 


A,  108. 


2Qh  ;,."  i;i-.o 


8  =  — 32°8'34".9 


8     ;  14.7 

1899.668         193.6  16.26 

.677.         194.0  16.61 

.695         194.8  15.53 

1899.679  191.1  16.13 

A,  409. 
a  =  20h6m40«±     ;     8=— 20°33'i 
I  have  not  been  able  to  lincl  this  star. 


A,  HO. 


1899.79.". 
.807 


17.2  : 
15  ; 
9.7 
8.8 


8  =  —34    24'  56".8 
9 

2.25 
2.43 


L899.800 


9.3 


2.34 


This  star  is  c.nl.  G.C.  27676.  The  aexl 
catalogue  number  was  accidentally  used  in 
the  /.,  catalogue. 
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A,  111. 

a  =  20"  S'"  22-.  4     :     8  =  —20s  82   25  .9 

S     :     14 

'  e  p 

L899.578  •'■  -  L.77 


A,   II  1. 
„  =  j.  i    ;     8  =  —  27°  29'  42".: 

8.2     :     9.5 
L899.471  51.1  2.20 

.619  52.8  2.14 

.638  50.9  2.20 


1899.576 


51.6 


2.18 


A,  416. 
a  =  20    16'    I'1-"     :     8  =  —28    2    K>" 
8.7     :     8.7 
I  B 
L899.641         244.5  0.98 

.663         250.0  1-1 

.706         248.2  1.21 


L899.670 


247.6 


1.14 


AC.     C  =  12.8 
L899.641         254.9        27  60 

.663       25i.<;       27.55 
.Tin;        254.5        26.15 


L899.670 


254.7 


27.10 


A,  417. 
a  =  20h  17'"  21".5     ;     S  = —35°  42' 24". 8 
11.5 
1899.714         L37.8  3.11 

.722         136.6  2.95 


L899.718         L37.2 


!.03 


A,  418. 
a  =20''  18'"  11».7     ;     8  =  —25°  17'  53'.  3 
8.5     :     11.5 
1898.703  56.1  [4.72] 

.760  52.3  2.91 

L899.471  52.6  2.65 


A,  123 
a  =  20''  34m  4».0     :     5  =  —29'  13  26*.0 

8.0     ;  9.0 

i  e  p 

1899.575  21?6  0.58 

.586  23.0  0.69 

.CI  7  22.3  0.60 


1899.603 


22.3 


0.62 


A,  424. 
a  =  20'' 34"'  50".7     ;    8  =  — 38°  47' 47".l 
9.0     ;     9.8 
L899.714         335.6         11.25 
.7:;:;        334.9         11.27 
.788         335.5         11.23 


L899.745 


335.3 


11.25 


A,  425. 
a  =  20>>  86m  58«.4     ;     8  =  —  2!) !  7'  39". 1 
8.0     :     11.2 
1898.671         224.4  8.09 

L899.512         221.1  7.'.»l 


1899.091 


224.2 


8.01 


A,  126. 
a  =  20h  38m  308.2     :     8  =  — 24:  0' 49".(i 
8.5     ;     10..-) 
L899.594  87.3  .    .  * 

.689  87.5  7.40 

.807  88.4  6.98 


L898.978 


53.7 


2.78 


A,   U9. 
u  =  2"    22      !4*.0     :     8  =  -02"  15'  33".8 
9     ;     13.6 
L898.760  68.6  7.o7     B 

L899.675  68.1  6.15     C 

A,  120. 

a  =  2D'  28      11  .9      :      8  =  -    22     1     18'.0 

13.:, 

1899.600  82.3  1.72 

.728  88.0  L.50 

L899.664  s.vi  1  Q] 


1899.697  87.7  7.10 

•Clouds  stopped  measure. 

A,  427. 

a  =  2<)i'  OS"'  47\5      ;     8  =  —23°  00'  0".(l 

1S99.750 

Have  looked  for  this  star  several  times  with- 
out finding  it.  After  finding  by  chart  I  could 
see  nothing  of  any  companion.  Sky  very 
dark.     Seeing  good. 

A,  428. 
a  =  20"  ON'"  52\3     :     8  =  — 35°  31' 38».0 
7     ;     14 
L899.807         182.9  4.37 

A,  430. 
a  =  20h  45m  50«.8     ;     8  =  — 34    15' 1S".1 
7.5     ;     12.8 
L899.471         347.6         13.21 
.(ill  348.4         12.91 

.706         347.2         12.84 

L899.606 


347.1 


12.99 


A,    131. 


is:);  i,  i  ;(mi 
.687 
.689 
.695 

L899.668 


s.l 
345.6 
343.8 
341.1 
341.2 


8  =  -l 

10.2 
2.1  I 

1.97 

1 .96 
1.94 


342.9 


2  08 


A,   132. 
This  star  is  identical  with  the  last,  and  both 
original  identifications  are  wrong.    The  star  is 
S.DM.  —19  5940. 


A,  433. 

u  =  20"  51'"  24VJ  ;     8  =  —24°  40'  20".2 

s.2  ;     8.4 
t                    6  p 

42.3 


1898.671 
.703 

.791 
.802 


2.  12 

2.59 

41.7  2.66 

42.0  2.61 


L898.742 


42.0 


2.57 


A,  434. 

a  =  2(1''  51'"  Ol'.O      ;      S  =  —  22     1'2"2 
8.7      ;     10.5 

1898.671         153.2  1.30 

.684         150.3  1.09 


1898.677         151.7 
1898.760         150.5 


4.19     1! 
4.04     C 


A,  435. 

a  =  201'  57'"  128.4      ;     8  =  —28°  7'  2s  '.:; 
7.5      ;     s.5 

1899.660        2:19. 1  0.32 

A,  438. 
a  =  21  •'  0'"  1 1  -. 0     :     8  =  —35°  1 '  39 ".4 
1899.739 

Could  not  find  this  star. 

A,  439. 
a  =  211'  1'"  lc-.s     ;     8  =  — 25°  24' 19".0 
4.7     ;     11.2 
1899.675         186.3         26.10 
.687         186.8         25.94 
.695         186.0         25.74 


1S99.0S6 


186.4 


25.93 


A,  440. 
a  =  21"4m9».l      ;     8  =  —20°  27'  24".. 
8.3     ;     12.7 
1898.684  72.9         10.04 

.711  72.2         10.31 

.760  69.0         10.40 


1898.718 


71.1  10.25     15 


A,  441. 
a  =  21"  15'"  42-.0      ;     8  =  —25    7 '.7 
S     ;    s.l' 
1898.7  12  16.5  1.92 

.760  16.0  1.99 

.7'.)!  14.8  1.90 


1898.764 


i; 


1.94 


Tins  star  is   not  Cord.  DM.  25   1502:'.,  but    is 

Cord.  DM.25  15377. 
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A,  442. 


t 

1899.714 
.720 
.750 


225.4     ; 

10.2     ; 

0 

3L2 

32.6 
31.0 


8  =  -393 
11 

P 

5.57 
5.84 
5.70 


is;i<>.72s 


31.6 


A,  443. 


a  =  21s  12m  55" 


lS'.IS.CSl 

.703 
.722 


8.2 
282.9 
281.8 
279.5 


8  =  -2: 

10.7 
1.79 
1.71 
1.72 


1S9S.703         281.4 


a  =  21>>  13' 

1S98.758 

1899.586 

.675 


\  444  C. 
45s.  0     :     8  =  —24 
8.2     :     13.8 
231.2         12.62 


L2.06 
11.92 


233.9 


L899.631 


233.3 


11.99 


\  445. 
a  =  21h  19m  25».6     ;     8  = —00' 38' 36" 
7.7     ;     11.2 
1899.714         222  7  2.20 

.720         220.8  2.21 

.722         221.(1  2.53 


1899.719 


1898.758 
.760 

1899.512 


221.7 


2.31 


A,  446. 
i7s.5     ;     8  =  —22   50'  41". 11 
4.2     :     12.3 
12.8         21.38 
13.8         21.76 
14.7         21.40 


L899.010 


13.8 


21.51     P> 


A,  447 


a  =  21h23m  49.4 


8  = 
10.8 


-39    15' 51". 8 


1899.619 
.647 
.660 


26.6 
27.5 


7.D.-» 
6.85 

•  i.72 


L899.642 


1899.471 
.512 
.586 


26.5 


6.87 


A,  448. 
.3     :     8  = 


8  ; 
252. 1 
250.4 
248.2 


1.46 
1.42 
1.38 


L899.523 


250.3 


1.12 


A,  449. 


t 

1899.641 
.695 
.742 


'  488.9     ; 
6.3     ; 
$ 

200°6 

200.6 
201.1 


8  =  —19'  40'  36".6 
12.7 
P 

1.99 

1.87 
L.75 


1S99.693 


200.8 


1.87 


A,  450. 

=  21h30'"  54».6     ;     8  =  —  33d  57'  12".6 


L899.619 
.675 

.687 


251.4 
253.7 
253.4 


13.1 

11.23 
11.43 
10.92 


1899.660 


152.8 


11.19 


A,  451. 
a  =  2i»  33m  26».3     :     8  =  —30"  45'  19  .3 


1899.647 
.687 
.689 


257.4 
256.6 

258.4 


12.3 
1 1 .82 
11.42 

12.2:; 


1899.674 


257.5 


11.82 


A,  452. 

a  =  211'  35"'  l.V.fi     ;  8  =  —20    17'  56".3 

7.S     ;  13.2 
1898.760           99.3         12.12 
.843         L01.3         L1.56 
1899.019         101.8         11.56 


L899.074 


L00.8 


11.7.-. 


1898.714 

1899.644 
.666 
.695 


A,  453. 
1 1'  36m  L6S.2     :     8 

7.3 

326.3 


— 25    0'30".  1 
12.2 

11.65     P. 


327.6 
326.8 

.■',21;.:. 


11.51 
11.56 

11.70 


1899.668 


327.0 


11.. V.I 


A,  454. 
a  =  21h  30'"  l'.KO     ;     8  =  —23°  42'  53".4 
6.0     ;     13.2 
1898.714         201.1  5.35 


.72.". 


1 '.IS.lt 


.-...-.2 


1898.720 


a  =  21!l  38" 

L899  687 
.728 

.si  17 


21 11  i.ii 


5.  I  I 


A,  4.-..-.. 
17-.2      :     8  -  -30    4'  IS".  I 
7.5      :      13.3 

89.2  3.22 
88.7  3.72 

90.3  3.65 


1899.740 


89.4 


3.53 


A,  456. 
a  =  211'  39"'  29*.0     ;     8  =  —20°  34'  13". 7 

8     ;     11.5 
'  0  P 

1899.586  .-.'.LI  2.98 

.044  56.2  3.19 


1899.615 


57.8 


A,  458. 


3.09 


a  =  21h40"'50>.7 
S.7 

1899.471  90.5 

.641  90.9 

.647  86.4 


8  = 

9.7 


0.88 
0.97 

(1.74 


1899.586 


89.3 


0.86 


A,  459. 
a  =  21h  42'"  59". 0      ;     8  =  -32"  51'  53".  I 

1899.750 

Can  see  no  companion  to  this  star      Seeing 
verj  much  better  than  usual. 


A,  400. 
a  =  21''  4.-.H   2i».g      .     g  — 


-211    15'  is".:; 


L899.660         116.3  0.59 

.666         120.6  0.64 

.714         118.0  0.48 


1899.680 


118.3 


0.57 


\  461. 

a  =  21"  50™  35-. 3      :  8  =  — 27°  45' 4s". 1 

S.7     ;  11.5 
1898.701           59.6  3.91 

1899.512  62.0  3.91 


L899.107 
1899.722 


60.8  3.91     1! 

60.6  3.60     c 


A,  402. 
a  =  21*  52'"  39".0     ;     8  =  — :;:,"  39'  29\2 
7.S      ;      11 

1899.647  195.5  10.88 
.692  195.2  111.77 
.711         196.0         11.09 


1899.683 


195.6 


10.91 


A,  163. 


a  =  211'  52 

8.3 

1898.725         116.8 

.7iiH  117.2 

.782         118.5 


8  =  - 
13.2 
15.68 
1  1.12 
L5.30 


1898.756         11 7.7.         15.13     B 

This  star  is  S.DM.  19°6197,  and  not  O.A. 

217m;. 
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T  II  E      A  ST  l;  ON  <>M  I  C  A  I.     .1  (»  0  K  N    \  I. 


V   186 


A,  164. 

A,   172. 

A,  182 

u  =  21'1  5" 

I     ;     8  =  —Hi 

a  =  22h 

578.3     :     8  =  — -~>   51 '  45".  < 

a  =  23h  1  I" 

23'.2     ;     8 

=  —23° 

46'  18*.  6 

I  have  doI  i 

n. 1  this 

star. 

1 

11      ;     11.1 
6              P 

( 

7      :     i: 

6 

P 

,V    165. 

189S.760 

7is.ii           5.74 

1898.755 

95.9 

1  1.71 

a  = 

25 

7.2      : 

6                P 

19    it    0 

1899.512 

56.9           5. 1 1 

.856 
.862 

95.6 
93.0 

L3.88 

14.45 

L899.136 

7,7.1           5.59     B 

/ 

L898.S24 

94.8 

14.35 

B 

|    NT!    | 

.695 

L91°0           2.27 
L93.7           2.49 

a  =  ->•->"  2 

a,  17:;. 

2™  47 ■.:.     ;     8  =  —  :i!>"  88'  11  ".7 
5.7     :     12.7 

a  =  23    20 

A,  183 
34«.8     :     8 

=  —36 ' 

21'  l:'.".s 

-.,., 

191  ■"■           2.50 

1899.692 

116.0         27.35 

9     :     9. 

L899.701 

L92.1           2.42 

.711 
1899.718 

116.5         27.35 
116.2         27.35 

L899.660 

CCS 

294.8 
293.1 

1 .95 
1.95 

A,  467. 

1899.664 

294.0 

1.95 

a  =  - 

33'.5     ;     8  =      27 

S.7     :     11 

i:i'  .v.i'..-, 

A,   174. 

a,  185 

1898.856 

120.2           8.47 

a  =  22"  •. 

;;'"  i9".3     :     8  =  —29    10'  13».6 

u  =  23'  21" 

19-.1      ;     8 

=  22 

17'  26".8 

1899.610 

117.5          S.20 

1899.7 1  1 

Can   sec   n mpanion.     Seeing 

not  very  good. 

L899.610 

.6  17 

6.7      :      IS 

136.3 
134.8 

.7 

L899.233 

118.8           8.33 

.714 

If  double,    not  wider  than  0".15. 

5.19 

Certainlj  no  0".6  companion  vis- 

.666 

134.7 

5.12 

ible   now.     Slight    elongation   in 

A,  168 
5-.S     :    8  = 

J'  4H".7 

.750 

about  300  . 
Probablj    double    in   about    300  . 

.675 

132.5 

5.10 

a  =   . 

1899.650 

134.6 

5.14 

7.5     ;     13.2 

but  certainly  under  0".25. 

L899.647 

112.1         25.58 

A,  186 

666 

109.8         25.44 

A,  476. 

a  =  23''  20 

''43«.6     :     8  =  -2i! 

4'  8".2 

.692 

111.3         25.80 

a  =  221'  : 

'.<"  12».4     ;     8  =  —2:;   37'  39".6 
8.2     :     13.8 
38  1           3.5  ± 

7.7     :     10.2 

L899  668 

111.1         25.61 

1898.856 

1899.600 

.1  j: 
56.3 

1.441 

A    169. 

8  =      26 

:,  30".2 

1899.512 

42.6            5.66* 

.677, 
.689 

7,7.'.' 
52.2 

1.24 
1.13 

1899.184 
*Measur< 

40.5           4.58  ±      1 ! 
stopped  by  dawn. 

a  = 

1899.655 

-  -  - 

1.26 

8 

This  star  ami  /.,  184  are  identical 

The  cata- 

1899.586 

320.6          0.35 

A,  479  C. 

loi;ne  number 
place  as  abovi 

given  tn  /., 

4S4  is  correct  with 

Elongated  al  times.     Not  certain 

1  distance 

a  =  23h 

7'"  l-'.'.'     :     8  =  — 24°  38'  57".S 

of  ii"  value. 

Duplicity  doubtful. 

8     :     13.5 

.1  C 

1899.660 

L898.922 

51.2         11.00 

1899.600 

144.4 

22.54 

Certainly  not  double  now.     Seeing  best  Eor 

1899.586 

53.8         11.47 

.675 

1  11.1 

22.65 

months      N" 

trace  of  duplicity. 
A,  470. 

.610 

57.6         11.52 

.689 

145.1 

22.85 

1899.373 

54.2         11.33 

1899.655 

144.5 

22.68 

a  =    12     i 

8 

1'  •;:".'.' 

A,  480. 

A,  487 

8.2     ;     9.2 

a  =  2:;1' 

9'   51  .7    ;    8=  —36    15'  22".5 

a  =  ^  25" 

4ti.2     ;    8 

=  -33° 

50'25".5 

L898.684 

39.2           1.55 

8.2     :     9.2 

8.2     :     10 

.760 

35.2          2.04 

1899.619 

298.6          0.66 

L898.671 

298.1 

10.22 

B 

.876 

33.4           1.57 

.647 

297.1           0.60 

L899.692 

.744 

299.5 

298.0 

9.78 

1898.773 

35.9           L.72 

A     171. 

.660 

300.0          0.68 

9.90 

1899.642 

298.9          0.65 

1899.718 

298.7 

9.84 

(' 

a  =  22h  U 

38'  I-  .9 

A,  181. 

A,  189 

10.2     :     12 

a  =  23h 

il     1.1     :     8  =  —26    53'  !9    6 

a^ 

i'4'.s     :     8 

1!,'  1".1 

L898.722 

35.2            1.78 

S.7    :    8.7 

7     :     11.7 

1  12.3          2.87 

1899.660 

1  16.4 

L9.89 

1899.512 

33.9           5.02 

.71  1 

L42.3           2.91 

.692 

1  16.2 

19.87 

.750 

1.60 

722 

141.0           2.97 

.796 

1  17,.  7 

19.86 

631 

34.0            1.81 

1898.702 

141.9           2.92 

L899.716 

1  16.1 

19.87 

N°-  486 
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A,    191 

A,   193 

\  497. 

a  =  23h  28 

'"  32».6     :     { 

=  — :;.-)3;;'  50  .8 

a  =  231"  32 

"  548.6     :     6 

=  — 25c  46'  25».3 

a  =  23*  46' 

43".2     :     t, 

=  — 2S   ■>: 

8     ;    1 

2.7 

7.:,     :     12.5 
BC 

;    is 

S.2     :     1 

2.3 

AB 

.1.  — 

/ 

6 

P 

t 

e 

P 

( 

0 

p 

1898.925 

68.9 

4.62 

L898.862 

22o!  1 

8.35 

1899.605 

200°4 

37.53 

1899.586 

09.4 

1.86 

1899.914 

228.4 
AC.     C  = 

8.47 
12.5 

.619 

.744 

208.1 

206.9 

36.61 
37.35 

.602 

69.6 

4.87 

1899.371 

69.3 

4.78 

1899.656 

207.1 

37.16 

L898.862 

336.0 

21.81 

1899.9]  1 

335.9 

21.29 

1899.605 

/;  c 
267.9 

1 .06 

a,  198. 

.619 

272.S 

0.88 

a  =  23'  47" 

l.V.S      ;      8  = 

=    -28    .'.."> 

'40  ".7 

A,    191 
35".  7      :      S 

=  —34    12' 51  ".8 

.744 

271.6 

1.00 

1898.925 

8.7  ;  12 
174.7 

1.34 

a  =  231'  28' 

1899.656 

270  8 

1.18 

7.5     ; 

3 

A,  495 

1899.586 

1 75.:; 

4.17 

1898.925 

72.4 
72.2 

17.5.". 
17.76 

a  =  2:;!i  i: 
1899.647 

"'  44-.  9     ;     { 
8     :     1 
15.1 

34    T'.r'.l 
2.54 

.602 

175.2 

4.20 

1899.647 

1899.371 

175.1 

1.2  1 

.666 

72.4 

17.66 

.666 

.668 

14.4 
17.1 

2.66 
2.62 

a  =  231"  .V.I' 

a,  500. 
45*.3     ;     8  -- 

1899.413 

72.3 

17.65 

1899.660 

15.5 

2.61 

49  ".0 

A,  492. 

A,  496. 

1899.692 

a  =  23h  30' 

■2:\\r,      :      8 

=  — 2S°2'  17  ■'.:■ 

a  =  23"  40" 

16-.3     :     S 

32    59'  11  ".'.i 

Have  examined  this  star  a 

number  of  times. 

6     :     7. 

. 

7.3     :     1l 

..i 

but  without  being  able  to  recognize  it 

u  ithout 

1899.675 

191.0 

16.4:; 

the  original  chart.    To-night,  while  the  seeing 

1899.586 

27i  i.S 

0.45 

.692 

192.8 

16.75 

is  rather  poor 

1  can  see  no  trace  of 

any  du- 

.796 

267.7 

ii.:  19 

.744 

191'.  5 

16.71 

plicity. 

Lowell  Obsi 

roatory,   Flu 

/staff,  .1 i 

1899.691 

269.2 

0.42 

1899.704 

192.1 

16.63 

izona. 

OX    THE    PROBABLE   MOTIOX    IX    THE   STELLAR    SYSTEM    "KRUEGER  60," 

l!\    ERIC   DOOLITTI.E. 


Among  the  stars  observed  by  Bi  i;\ii\m  at  the  Lick 
Observatory  during  the  years  1888  to  1892  were  67  stars 
noted  as  doable  in  Krueger's  catalogue  of  the  Astronomische 
Gesellschaft.  Of  these,  number  60  (which  is  number  13170 
in  the  A.G.  Catalogue,  Zone  +55°  to  +65°),  was  measured 
as  follows  : 

1890.788  178.8  2.:',2         9.0  12.0     AH).    a 

56.3       26.82  9.3     AC^"'3 

In  1898,  measures  secured  on  live  good  nights  showed 
that  the  relative  positions  of  the  stars  had  greatly  changed, 
and  this  was  confirmed  by  measures  made  during  the  past 
month,  the  change  being  so  rapid  that  observations  sepa- 
rated by  two  years,  only,  are  sufficient  to  clearly  indicate 
its  character.     These  observations  are, 

A/:  |  . 
u:  > 

There  arc  no  other  measures  on  these  stars. 

In  order  to  ascertain  which  two,  of  the  three  tai  ,  an 
in  motion,  the  difference  in  right-ascension  and  declination 
between  .1  and  the  three  neighboring  stars  A.G.  Catal.  13149, 


1S9S.446 

140.66 

58.71 

3.19 
34.39 

9.1 

1H.5 
9.4 

1900.737 

134.02 

59.19 

3.18 
36.18 

9.1 

11.1 
9.4 

13177  and  13199  was  measured.  These  latter  appear  to  be 
fixed,  or  at  least  the  change,  if  any,  in  their  relative  po- 
sitions since  1873  is  less  than  1".  The  mean  of  the  three 
resulting  positions  of  A  compare  with  Krueger's  values  as 
follows : 

8 

f"  23"  29.83  +57  4 

32.35 


li .82 

1S73.7 


l6f  iEp.187 


5.0. 


From  the  micrometric  measures  of  AC,  given  above,  as- 
suming the  change  due  wholly  to  the  motion  of  A,  we  find 
that  this  is  0".9S  in  the  direction  .",7:.'->.  The  residuals  from 
i  he  A.G.  Catalogue  position  for  the  date  1873.7  under  this 
hypothesis  are      Ja  =   — 0".33     ,     JS  =   — 1".0.* 

This  motion  is  hence  approximately  the  true  one.  and 
the  whole  change  in  AC  is  due  to  the  above  proper  motion 
of  ./  + 

These,  of  course,  include  also  the  errors  of  my  own  measures  of 

J. i  and  JS. 

Kim  egek's  description  of  the  system  is.  ••  Dupl.  12",  prec.  com. 
9.3m."     The  motion  here  derived  would  give  for  the  position  of  the 

companion  in  1873.7:  41'. n.  ll".70.      i.s  Krueger's  esti tes  oi 

distance  are  seld 2"  in  error,  and  as  in  only  one  instance  is  the 

error  as  great  as4",  Hi  i:\iiam-  first   measure  al •  (26".82)  serves 

to  suggest  a  large  change. 

The  star,  /.'.  was  not  seen  bj  Kim  egek. 


IS 
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This  proper  motion  of  .1  does  nol  account 

in  .!/•'.  Were  8  tixed,  its  position  in  1890.79  should 
havebeen:  228  .2,  8".6S.  Though  the  measures  are  so  few, 
thej  indicate  thai   there  is  here  a  fainl  star  with  a  large 


proper  moti attended   by  a  minute  companion,  which 

either  has  a  large  proper  motion  of  its  own,  or  else  is  in 
rapid  revolution  about  the  primary. 
Tin   Flower  Observatory,  L900  0<  tober  SO. 


THE   SHORT-PEKIOD    \  A  KM 

By  R.  T. 
i  onununicated  bj    Dr.  I>  \  vii>  Cu.i .  C.  B.,  etc 

rhi  position  of  this  star  is  (1875)  4  50"n56  -21  24'.9, 
variation  is  referred  to  in  the  Astr.  Nach.,  No.  2987 
and  the  A.J.,  No.  168. 

I  e  observations  made  here,  a1  which  the  time  was  also 
recorded,  are  as  follow  s : 


1899    i  ;'i"'  M-T.     Mag. 


1899    '  ape  M.T. 


Mas 


Feb. 

•J  7 

7   20 

In. n 

Mar 

I 

S  26 

in. n 

7 

8  21 

9.45 

13 

Ki     6 

9.25 

17 

7    17 

9.9 

8   in 

9.3 

7.1 

9.3 

19 

6  53 

9.25 

7    11 
.".1 

9.3 
9.4 

54 

9.4 

2] 

8  33 

9.63 

Hi  34 

9.75 

22 

8  59 

9.6 

Apr. 

27 

6  22 

9.5 

28 

6   17 

9.0 

29 

7  32 

9.85 

38 

9.7 

1 1 

'.1.7 

Mn.i 

- 

6  22 

7  20 

9.7 
9.3 

II 

9.1 

1 

6  25 

9.7 

30 

9.6 

16 

9.45 

10 

6  17 

9.8 

7     ii 

9.75 

N..N 

5 

8     8 

9.85 

7 

8  i'l 

'.i  2  t 

28 

9.3 

.'  I .' ! 

9.33 

55 

9.35 

'.i     i» 

9.35 

•ji; 

9.37 

in 

8   13 

9.4 

57 

9.4 

/ 

loya 

( 

;ood 


Nov.  Hi 

9 

9 

9.4 

26 

9.4 

32 

9.4 

II 

9.4 

11 

9 

7 

9.1 

11 

9.15 

25 

9.25 

38 

9.25 

ID 

7 

9.35 

27 

9.37 

IS 

9.35 

11 

27 

9.37 

L2 

11 

7,7 

9.6 

Id 

17 

9.7 

29 

9.6 

34 

9.6 

49 

9.6 

11 

2 

9.7 

13 

8 

17 

9.75 

9 

5 

'.1.7 

17 

7 

55 

9.45 

18 

10 

6 

9.3 

'.i  3 

21 

8 

52 

9.45 

9 

4 

9.45 

29 

9.4 

42 

9.45 

22 

it 

Ki 

9.45 

23 

8 

17 

9.6  cl'dy 

26 

9 

38 

9.75 
9.75 

27 

7 

1  1 

9.75 

28 

9 

12 

9.45 

19 

9.45 

29 

8 

9 

9.8 

Her.        1 

7 

7,(1 

9.45 

Good  Bop 

,  Kino  Fel 

wary  '-'■ 

\15LK 

SrJ 

Ml, 

S.DM.  - 

\.    IN'NKS. 

II.  M.  Astronomer  :i 

the  Cape  of 

is; in   Ca 

ie 

M.T. 

Mag. 

Dec.     1 

8 

.,.." 

9.5 

KK 

9.5 

9 

.'!.", 

9.5 

•_' 

9 

26 

9.3 

39 

9.3 

4 

8 

35 

9.7 

'.i 

1 

9.5 

16 

9.5 

6 

8 

7 

9.6 

7 

10 

24 

9.7 

8 

7 

53 

9.6 

li 

7 

53 

9.2 

s 

3 

9.27 

32 

9.2 

13 

1) 

:;(i 

9.3 

15 

8 

51 

9.55 

Ki 

13 

r,v, 

9.9 

14 

46 

9.92 

19 

8 

1 

9.45 

1) 

6 

l).  13 
9.45 

20 

8 

til 

9.25 

9 

li 

9.2 

•  >•< 

8 

11 

9.7 

24 

8 

\r, 

9.85 

47 

9.6 

10 

32 

9.2 

47 

9.3 

21°1019, 

i  Good  Hope.] 

1899    CapeM.T.         Mag. 

Dec.  27     8  4 l'"      9.3 

1000 

Jan. 


o 

8 

24 

'9.45 

:; 

8 

i:; 

9.3 

23 

9.3  yel.  4 

l 

8 

14 

9.65 

27 

9.8 

49 

9.85 

5 

8 

7 

9.55  elds. 

li 

9.5      " 

37 

9.6 

6 

8 

8 

9.45 

19 

9.47. 

11 

8 

9.7 

23 

9.7 

4(1 

9.7 

12 

29 

9.7 

52 

9.77. 

13 

2 

9.77, 

7 

9 

9 

9.2 

8 

10 

5 

9.77, 

1) 

9 

41 

9.65 

Hi 

8 

18 

9.3 

12 

9 

O 

9.65 

13 

8 

28 

9.17 

14 

7 

7><; 

9.27, 

8 

14 

9.3 

40 

9.3 

15 

9 

47 

9.65 

It  will  be  noticed  thai  the  phases  are  repeated  about 
every  four  ami  every  seven  days.  The  observations  1899 
Nov.  7,  to  1900  Jan.  17,  arc  represented  very  well  by  a  period 
of  1.'!h  58m.9,  but  this  period  will  not  represent  the  obser- 
vations 1899  Feb.  27  to  May  10  ;  a  period  of  13h  48'"  gives  a 
S( (what  poor  representation  of  the  earlier  observations. 

At  some  future  period  it  is  purposed  to  resume  observa- 
tions of  this  variable. 


P.S.  I  recentlj  announced  the  variability  of  Lai.  14755,  but  I  now 
find  that  this  was  previouslj  discovered  bj  Mr.  l'i  rim  (see  A.J.B9&) 
=  /.  Puppis.     A  maximum  occurred  on  is  Dec.  1899  =  8M.0 
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NOTES   ON   VARIABLE   STARS,  —  No.  33, 


By    IIEXPY     M 

4315  R  Comae.     Although  the  erection  oi  a  tall  building 

adjoining  my  observatory  on  the  north  has  compelled  most 
of  my  observations  to  be  made  in  the  bright  twilight,  there 


PA  l;  K  II  I'  RST. 


10  be  no  material  inaccuracy  from  that  source.  The 
shortening  of  the  period  shown  by  the  correction  suggests 
a  new  sine  formula  to  replace  that  given  in  A.J.  384  : 


2389899.2  +  361.5E  +  20  sin  (10c  K+120°). 


Results  of  <  Ibseka  \  i  h>\>. 


Observed  Date 

No. 

Star 

Phase 

E 

( lorr. 

w 

Mag. 

Factors 

Remarks 

Julian 

i  Calendar 

1890 

el 

7'.)  1  1 

T  Pegasi 

Max. 

1871 

Aug.    4 

34 

+38 

'.) 

S.07 

l.o;, 

1.18  28 

1899 

a 

» 

Max. 

5249 

Aug.  17 

35 

+  43 

9 

0.55 

1 .85 

1.07  34 

1900 

7999 

X  Aquarii 

Max. 

1946 

Oct.    18 

5 

+  27 

6 

7.0 

- 

- 

8230 

S  Aquarii 

Max. 

1933 

( >ct.     5 

52 

-   (i 

7 

- 

- 

- 

8290 

R  Pegasi 

Max. 

4867 

July  31 

17 

_8S 

1 

- 

- 

Very  uncertain 

8369 

W  Pegasi 

Max. 

4854 

July  18 

2 

- 

5 

7.5 

O.0O 

O.0O    I'l 

Assuming  period  338  days 

8373 

S  Pegasi 

Max. 

4915 

Sept.  17 

40 

+    5 

9 

8.23 

1.01 

1.38  25 

« 

■• 

Max. 

5227 

July  26 

11 

- 

]■: 

- 

- 

- 

Approximately  accurate 

8512 

R  Aquarii 

Max. 

1991 

Dec.     2 

83 

+  10 

5 

6.29 

2.40 

L.60    - 

Subtangenl  approximation 

8622 

W  Ceti 

MaxB 

5041 

Jan.  21 

- 

6 

- 

-      - 

Anothermax'.'  Period  358  days? 

103 

T  Andromedae 

Miu. 

5005 

Dei      L6 

11 

+  25 

9 

- 

Interruption  102  days 

906 

R  Triii  a  'jiii  1 

Min. 

1979 

Nov.  20 

13 

-17 

1 

- 

- 

Interruption,  124  <la>~ 

« 

" 

Max. 

5112 

Apr.     2 

13 

-    :; 

6 

- 

Probably  later 

1113 

U  Arietis 

Max. 

I960 

Nn\.         1 

_ 

1 

- 

- 

Estimated  interval  .",4s  days 

1222 

R  Persei 

Min. 

5026 

Jan.     6 

(17 

+  21 

2 

1  1.1 

1.3 

1.:;   150 

Interruption  142  days 

" 

» 

Max. 

5119 

Apr.     9 

67 

+  1S 

5 

- 

- 

- 

1717 

V  To  in-; 

Max. 

5085 

Mar.     6 

59 

IE 

- 

- 

- 

Perry's  observations 

2689 

Z  Puppis 

Max. 

51170 

Feb.   19 

- 

4i- 

- 

- 

Period  appears  irregular 

3264 

W  Cancri 

Max. 

7,1  16 

Max      6 

9 

+23 

9 

0.05 

0.15 

0.82     o 

3493 

R  Leonis 

Max. 

5112 

Apr.      2 

Hi  7 

-32 

5 

- 

- 

- 

Possiblj  earlier 

3994 

S  Leon  is 

Max. 

5144 

May      1 

7<; 

-67 

8 

L0.26 

O.0S 

1.55  43 

Corr.  slowly  increasing 

4315 

R  Comat 

Max. 

5225.2 

July  24 

70 

-9.1 

9 

0.20 

0.58 

0.57     0 

El.  A.-l.  :'.s4.     Sec  note  above 

4.;:: 

T  Virginis 

Max. 

5 1 58 

Max     IS 

42 

+  8 

9 

9.64 

L.25 

1.77  29 

4596 

U  Virginis 

Max. 

5186 

June  15 

60 

-12 

9 

8.35 

:;;;i 

2.76  28 

4665 

l!T  Virginis 

Max. 

51  16 

May     6 

1 

- 

0 

8.64 

1.76 

2.69   11 

Last  interval  394  <la>  - 

4S47 

S  Virginis 

Max. 

5229 

July  28 

47 

+25 

5 

- 

- 

- 

.-,(170 

Z  Virginis 

Max. 

5237 

Aug.    5 

24 

+  20 

2 

- 

- 

From  the  light-curve 

5194 

7"  Bout  is 

Min. 

5215 

July  14 

23 

+    5 

0 

L0.50 

'.Mil, 

1.35  48 

5237 

R  Bout  is 

Min. 

5156 

May   L6 

69 

-   4 

4 

- 

-       - 

5249 

]'  Librat 

Max. 

5220 

July  19 

26 

_    2 

S 

8.90 

1.13 

1.12  28 

Elements.  A.J.  444 

5338 

U  Bootis 

Max. 

5261 

Aug.  29 

12 

+  54 

9 

10.09 

2.12 

1.84   37 

i  Hi-   entire  period 

5405 

HI'  Librae 

Min. 

5174: 

June  — 

_ 

- 

E 

- 

- 

Period  assumed  250  days 

5430 

T  Librae 

Max. 

5196 

June  25 

34 

-    1 

3 

- 

- 

5494 

S  Librat 

Min. 

521  1 

July  13 

50 

+  13 

2 

- 

—       — 

Possibly  a  little  later 

(49) 
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INDIVID!     \l      I  IBS1   KVATIONS. 


7944   T  Pegasi. 

(Continued  from  481.) 

Julian    Calendar       Mag. 


1822.7 
1835.7 
is:;:.<; 
1839  6 
1846.6 
1854.6 
1866.7 
im;:.: 
1875.6 
1883.6 
1892.6 
1895  5 

5220.6 
5230.6 
5232  6 
5248.6 

5263.5 
5268.5 
5275.5 


June  10 

July    1 

:; 

is 
30 
:;i 
Aug.  8 
i<; 
25 
28 

1900 

July  10 
29 
:;i 
16 


Aiu 


sept. 


L2 


L0.4 

10.26 

L0.86 

9.80 

9. 1 1 

9.17 

8.71, 

8.95, 

11.17., 

9.69, 

9.71. 

10.7.;., 
9  83s 
9.69, 
9.38, 
9.57, 
9.66, 
9  89s 
9.88, 


[Deluding  Observations  lij   Abthvb  C. 
8369  W  Pegasi.  103  T  Andromedae. 

(Cont.from  468.  Comp.Stars  846) 

Julian      Calendar       Mag. 

1809 

1913.6  Sept.  15 


.6 


sued  from  164 

Julian    Calendar        Ma 

i  sue 
1845.6  July    «.) 
1846.6 
1854.6 
1867.7 
1875.6  Au 
1875.6 
4876.6 
1883.6 
1897.6 


in 

is 

31 

8 

8 

9 

16 

30 


7.7."..,  4921 

7.50,4932.5  Oct 

8.112|4940.6 

8.12, 

8.1p 

8.3 


8.75, 
9.0p 


8373  S  Pegasi. 

Cont.from  164    I  omp  Stars464) 

1866.7  Juiy930      9.03,: 
1867.7  31       8.66, 

1875.6  Aug. 


5042. 

51  »5  I . 


1900 

Jan.   ; 
Feb. 


•js 

4 

12 

32 
3 
3 


8.6 
10.01, 

9.80, 
10.002 

9.0] 
10.5] 
9.61, 


5082.5  Mar. 
90G  R  Trianguli. 

(Continued  from  4H8.) 
1899 

4911.6  Sept.  13 
4915.6  17 

1926.5  28 


7999  X  Aquarii. 

(Continucil  from  431.) 
1899 

1882.6    Lug.  15     11. 


too:;.o  Sept.  5 


1911.5 
i:ii  i.:. 
1918.5 
1921.5 
4925.5 
1928.5 


13 
16 
20 
23 

27 
30 


1938.5  Oct.    L0 
1947.5  19 

1953.5  25 


1875.7 

1883.6 

1892.6 

1897.6 

1905.6  Sept. 

1910.5 

1913.5 

1918.5 

1921.5 

1926.5 

4928.6 


8230  S    Iquarii. 
i  ontlnued  from  MX) 

i 


4911.6  Si 


19]  1.6 

1918.5 

1926.5 

1929.5  Oct. 

4932.5 

1940  5 

1948.5 


16 

20 
28 

1 

I 

12 

l'ii 


8.5 
8.36 
7.83. 
8.61. 

7.1  l! 

7  78 
7.85! 

8  '-'I' 


8290  R  Pegasi 

(Contlnueil  fr Ml 

1867.7   July  .°,1 

1875.6 

1875.6 

1897.6 
1905  l 
1910.5 
1918.5 
1928.5 
1928  6 


8 

16 
28 
30 


12 
20 
30 
30 


7.70, 
8.35, 
8.7p 
8.93 

'.i  .I 
9.1p 
9.6p 
9.71, 

'.i  54 
in  77 
IO.Ip 


s 

16  8.90]|° 

25  8.40, 

30  8.6p" 

7  8.8p 

12  8.35., 

15  8.22^ 

20  8.09, 

23  8.39, 

28  8  57, 

30  8.5p 

1940.5  Oct.    12  8.33„ 

1965.5  Nov.    li  9.3p" 

1984.5  25  9.8p 

1900 

5229.6  July  28  8.3 
5235.6  Aug.    3  8  19 
5248.6            16  s'.u 

851  2  8  Aquarii. 

(Continued  from  404.) 

10 1  1.6  Sept  16  8.71., 

1918.5  20  8.99, 

1926.5  28  8.84." 

1929.6  Oct.  1  8.16J 
1932.6  I  7.8.-.., 
1940.5  12  7.60, 
1950.5            22  7.03 

1900 

5026.5  Jan.     6  7.15„ 

5036.5  16  7.7*;.", 

5041.5  21  8.26, 

8622  ir  Ceti. 
i  ontlnued  from  464.) 

1927.6  SepT29  10.2 


8.8p  j 4932.5  Oct.     4 

S   'IS  1900 

"'5056.5  Feb.     5 


5082.5 
5095  5 
5096.5 
5103.5 
5111.5 
5115.5 
5118.5 


1929.6  Oct. 

t932.5 

1938.5 

I '.Ms,;, 
I'.U'.'.:. 


Mar. 


Apr. 


9.5 

9.65, 

10.36, 

10.09] 

8.53, 

7.72 

8.26, 

8.30 

6.42 

6.44 

6.83 


1113.  V  Arietis. 


1938.5  Oct. 
1940.6 

r.UL'S. 7,  Jan" 
5042.5 
5054.5  Feb. 
5065.5 


168  «  omp  StarsS14j 
1899 


10 

12 


14 


9.7] 
9.7] 

8.6 
9.0 
9.5 

in. it 


1222  R  Persei. 

(Continued  from  403.) 
1899 
I'.U  I 1.6    Oct.     12 


I'KKRY. 

2689  ZPuppis, 

Julian     Calendar 

19O0 

5078.5  Feb.  27 
5081  -Mar.  2 
50189.5  Ki 

5101.5 

5110.5 
5117.5  Apr 
5129.5 


31 


I'.' 


■  Cont. 
Mag. 

9.14, 
8.7p 
8.83. 

S.'.ll 

8.86] 
9.09! 
9.82 


3264    If  Cancri. 

(Cont.from  441.  Comp.Stars 384) 
1900 

5103.5  Mar.  24  11.5 

511)7.5     28  12.5] 

5110.5     31  12.5 

5129.5  Apr.  19  11.02, 

5136.5     26  10.19, 

5141.5  May  1  10.35, 

7.1  12.5      2  9.70, 

5145.5      5  9.38, 

5150.5     10  9.79, 

5152.5     12  9.714 


3493  K  Leon  is. 
(Continued  from  441.) 

1899 

4731.5  Mar.  17 

190O 

7.1(17..-.   Mar.  28 


51  13.5  Apr. 

5116.5 

5119.5 

5123.5 

5136.5 

51  17..  5  May 


9.58 

5.2 
4.78„ 
5.20, 
5.43 

7..SI.. 

5.98, 

7..7.'!. 


3994  SLeonis. 

(Continued  from  441.) 


5082.5 
5095.5 
7,0:10.7, 
5103.5 
5110.5 
5115.5 
5118.5 
5123.5 


1900 

Mar.  3 
16 
17 
24 
31 
5 
8 
13 


Apr 


S.SS 

11.56 
10.24 
L0 .50 
9.80 
9.19 
9.76 
8.50 
8.84, 


1717   V  Tauri. 

mined  from  41)8. i 


5026.5  -ran.     6 
5041.5  21 

5049.5  29 

5053.5  Feb.     2 


9.75s  5056.6   Feb.     5     10.5p 
9.452|5081.6    Mar.     2        9.3p 
9.7 
10.23 

'  V  1899 

7Q»    1965      Nov.    6     10.3p 

l.oOj  ,.„, 

7.27., . -.117.6      Feb.     5       8.0p 
7.65,5065.5  14       8.35, 

7  7  1    7.1170.7.  19       S.59„ 


5056.6   Feb.     5 
5081.6   Mar.    2 

2689  Z  Puppis. 

1  on t. from 468,  Comp.Stars  403 


7.1117.7.  Mar.  2.8 

7.110.6  31 

7.120.7.  Apr.  19 

5137.6  27 

5156.6  May  16 

5162.6  '    22 

7.160.6  29 

7.176.6  June    5 


l.'!77  T  Virginis. 

(Continued  from  47»  i 

Julian    Calendar       Mag. 

1900 

103.5    Mar.  2  1  12.5] 

5113.5  Apr.     3  11.3  : 

5129.6  10  10.2 

5135.5  25  10.07„ 

5137.6  27       9.6  " 

5139.5  29  10.10, 

5147. 6  May  7  10.23, 
5156.6  '  16  9.40, 
5162.6  22  9.891 
5169.6  29  10.32, 
7.170.6  June  5  9.60, 
5186.6            15       9.87, 


4596  U  Virginis 

(Continued  from  47u. 

1900 

5107.5  Mar.  28     11 

5117.5  Apr. 
129.6 

5135.5 

5160.6  May 
5160.6 
5167.6 
7.176.6  June 


19 


20 
20 


5181.6 
5186.6 
5193. 6 
5202.6  July 
5214.6 


11.5: 
10.5 

10.42., 
0.4 
9.34, 
8.70, 
8.05., 
8.42., 
s  37, 
8.53, 
8.07, 
0.04,, 


12.7 

12.18, 

11.16 

10.08! 

10.66! 

10.02 

10.99, 
11.08! 


1665  liT  Virginis. 

i  ontinued  from  470.) 

7.107.7.  Mar.  28 
5113.5  Apr 
5116.5 

7.110  7. 


3 
6 
9 
15 

26 


1315  R  Comae. 

(Continued  from  470.) 
19C0 

5186.6  June  15 
5193.6 

7,200.6 
5208.6  July 
5212.6 


29 


5214.6 
5217.6 
5220.6 
5223.6 
5225.6 
5228.6 
5229.6 
5230.6 
523 1.6 
5232.6 


11 
13 
16 

10 
22 
21 

28 

20 

30 

31 


May 


7. 127..  6 

5136.6 

5147.6 

5154.6 

5167.6  27 

5177.6  June    6 

5188.6  17 


14 


9.1 

8.830 
0.11., 

8.98, 
8.99, 

0.17!, 
8.67„ 
0.09., 
0.O4., 
8.8U 
9.08, 


4847  .5  Virginis. 

ii   90"    Cont.from 470.  Comp.Stars384) 

±l-^-j  1900 

10.93,  7,107.6  Mar.  28  12.6 

9.40,  5116.6  Apr.     6  11.8] 

lo.l  I  !:7.1  20.6  19  12.4] 

■).39,  5136.6  26  13.72, 

9.84    5137.6  27  12.52, 

9.55,  5160.6  May  20  11.25 

9.27,  5172.6  June    1  11.74, 

1.28,  7,186.6  15  11.14. 

9.40,,,  51 06.6  25  10.921 

9.56J5208.6  July    7       0.52!! 

9.5810  5218.6  "    17       8.20, 

9.7410  5229.6  28       8.25.. 

9.94.  5232.6  31       8.38, 
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5070  Z  Virginis. 

511)1   /'  Bootis.  —  Cont. 

5240  I 

"  Lib] 

ae.  —  Cont. 

5338  U  Bootis.  - 

-Cont.  i 

5430  T  Librae. 

(Continue!  from  470.) 

Julian     Calendar        Mag. 

Julian 

<  alen 

lar       Mag. 

Julian     Calendar 

Mag. 

(Continui om  m 

Julian     Calendar       Mag. 

19C 

100 

5202.6  July    1 
5214.6             13 
5228.6            27 
5235.6  Aug.    3 

10.87, 

Julian      Calendar      Mag. 

KtOO 

5231.6  July 

30     10.18, 

5193.6 

June 

22        9.98, 

10.302 

0.00." 
10.892 

1900 

5129.6  Apr.  19  to 

5236.5  Aug. 

4     10.47., 

5201.6 

30        0.4  7", 

51. ".0.0   Apr.  20      11.5] 

5196.6  June  25     13.0] 
6  dates 

5241.5 

0        0.7O, 

5215.6 
5218.6 

July 

14        S.70." 
1 7        S.S4., 

5165.6  May  25     11.5] 
5170.0  June    5     11.5] 

5217.6  July  16     11.2 

5237  l; 

(  out  from470 

Hoot  is. 

5225.6 
5231.6 

24       8.922 

30       0.21., 

5246.5            14 
5250.5             IS 

10.392 
10.092 

5188.6            17     11. ."5 
5100.0              25      41.37.. 

5194    VBootis. 

I'.u 

5113.6    Apr. 

13      12.0: 

5236.5 

Aug. 

4       9.33, 

5260.5            28 
5265.5  Sept.    2 

0.00, 

10.15; 

5202.6  July    1     11.342 
5217.0          '    10      11.8 

(Cont.frora  470.  Comp.Stars33S) 

1900 

5129.6 
5137.6 

10      12.0: 
27     11.94a 

53 

!8  V  Bootis. 

5200.5               3 
5207.5                4 

io.  li;., 
10.13, 

5118.6  Apr.     8       8.39., 

5107.0  May 

27     11.:;: 

(Co. 

tiuued  from  17G. 

5272.5                0 

10.15, 

5  10  1  S  Librae. 

5125.0             1.".       7.50, 
5135.6            25       8.54s 

5169.6 

29     12.39« 

511:;..-. 

Apr. 

;;     lo.l 

5270.5              10 
5287.5            24 

10..-.2, 
10.00, 

(Continued  from  176 

5139.6            29       8.60: 

:.l  17.5  May     7       8.85 
5151.5            14       8.62. 

51' 1'.)    V 
;Conl  Erom470. 

19 

Librae. 

lomp.Stars388 

5110.0 
5125.6 
5136.6 

6      10.71 
15      10.57. 
26     11.20. 

5304.5  Oct.   11 
5  105  BTLil 

11.0  1.; 

rae. 

5105.0   Mav  25        0] 
5170.0  June    5     lo.C, 

5188.7  June  17     L0.36. 

5162.6  May 

22     131 

5137.6 

27      L0.922 

(i  lontinued  froi 

1900 

47(i.i 

5188.6            17     10.87, 

5203.6  July    2     10.09. 

pl76.6  June    5 

5107.0 

May 

27     10.892 

5139.6  Apr.  20  to 

5193.6            22     11.16; 

521  L6         '    1.".     11.31. 

5177.6 

0     1 1 .45. 

5177.0 

June 

o     L0.31 

5236.5  Aug.    4 

12] 

5201.6            30     11.26., 

5225.6            24       9.982 

5186.6 

15      10.54, 

5188.6 

17     10.44, 

o  dates 

5217.0  July  10     ll.:;o„ 

Comparisok    Si  LKS,    L893    1000. 

7999  X  Aquarii. 

8290  E  Pegasi. 

851  2  /,'  Aquarii. 

8622  W  Ceti. 

Star              DM.               Mag.       n 

Star 

DM.             Mag. 

?! 

stai-            DM.              Mag. 

n 

Star             DM.               Mai;.        „ 

G     -21°6197       7.5::     11 

I> 

+  10°4887       7.71 

7 

C     -16°6345       5.52 

5 

/i     -14°6588       7.03      6 

A'     -20°6427       8.33       1 

<; 

+  10°4894       8.07 

2 

/)     -r6°6317       7.0.". 

3 

K     -15°6539       7.32       S 

P     -21°6193       8.67     30 

l 

+   9o5150       7.52 

15 

//      _l.yr.491        7.40     1 

3 

L     -15°6532       8.72     35 

IQ     _20°6414       8.52       1 

X 

+    9°5154        8.70 

14 

./     _16°6341        7.S7     : 

2 

X     _15°6528      8.78     2  1 

/,'     -21°6191       8.90     20 

\N 

+   9°5164       8.65 

10 

1,7     -15°6487       7.67 

S 

17'     -15°6527       0.02       (l 

T     -21°6198       9.0S     ID 

T 

4IOIS77       9.36 

4 

_     _15°6494       8.02     1 

2_      _15°6534       9.55      0 

IT     -20°6428       9. 00     11 

1  T 

+   9°5161        9.39 

i:; 

<j     _16°6353       8.94     i 

7 

37'      -    15V.512        0.17.      lo 

U     -2l°6190       9.40       4 

V 

+  9°5155       O.os 

•'! 

1  T         L6°6356       0.72     14 

V     -15°6529       0.72     20 

W     -21r6192       9.88 

w 

+  9°5163     10.17 

11 

IT     -15°6485       0.57 

4 

1  U         1-"'  6536       0.70     13 

a     Ziilp       P       9.88       5 

z 

+  9°5159     10.09 

21 

1  W      -15  0170      10.10 

8 

l.V     -15°6530     Kt.  21     11 

/,      iS2p          R      10.0 

'        '' 

d 

t»2/       V     10.88 

3 

.V     _16°6354      10.83 

9 

2A 

-15°6533     10.10       7 

NORMAL   POSITIONS   OF    CERES, 

By  G.  W.   HILL. 


Having  been  at  some  pains  to  collect  the  observations  of 
Geres  tor  the  century  it  has  now  been  known,  and  having 
formed  normals  from  that  part  of  the  material  which 
seemed  suitable  for  the  purpose,  I  have  concluded  to  pub- 
lish the  results  apart  from  am  comparison  with  a  definite 
theory.  The  elaboration  of  the  latter  involves  so  much 
work,  that,  although  something  has  been  done.  1  can  hardly 
hope  to  finish  it:  but  the  labor  of  forming  tin'  normals 
need  not  be  lost. 

Ceres  has  been  observed  at  every  opposition  sine  its 
discovery;  but  on  two  occasions,  which  will  be  noticed  in 
the  list  to  be  given,  the  material  is  so  scanty  and  discordant 
that  no  normals  were  formed.  Some  of  the  observations  in 
the  decade  following  the  discovery  of  the  planet  were  un- 
reduced,  especially    those    made    at     Palermo    and    Milan; 


these  have  been  reduced  as  well  as  the  data  permit.  But, 
for  the  remaining  material,  the  published  reduction  has 
been  accepted  without  the  application  of  any  corrections. 
No  accurate  epliemeris  of  the  planet  was  published  for  the 
interval  1801-1830;  accordingly,  approximate  tables  were 
constructed  giving  the  heliocentric  position.  The  theory 
employed  was  that  in  A.J.,Yo\.  XVI.  pp.57  02.  Bui  onlj 
the  ten  largesl  equations  were  tabulated,  as  that  seemed 
sufficient   for  the  purpose  of  normal-forming. 

The  following  is  a  description  of  the  material  used  in 
each  opposition.  As  it  was  concluded  to  form  but  one 
normal  lor  each  of  these  occasions,  the  aim  has  been  bo 
limit  the  range  of  observation  to  40  days.  Where  the  ob- 
servations are  found  in  out  of  the  way  places,  the  place  of 
publication  is  given. 


I  II  i:      \  ST  RONOMICAL     JO  I    R  N   \  I, 


N"  487 


ISUl. —  For  this  Qormal  nn  |   tl bser\  i 

iif  Piazzi  at  Palermo,  between  .lan.  1  Feb.  11.  They  have 
been  reduced  anew.  The  observation  a1  the  transit  instru- 
ment on  Jan.  18  is  in  error  in  some  incorrigible  waj    ami 

L802       29  Palermo,    Mar.  2   Apr.  19; 

9  at  Vienna,  Mar.  3  Mar.  20;  6a1  Greenwich,  Mar.  6- Apr.  21  ; 
13  at  Paris,  Apr.  7    A.pr.30;    27atSeebei    ,  Mar.  3-Apr.  19. 

L803.       7  .'!'  ervations  at  Greenwich,  June  23  Julj   L8; 
17  at  Paris,  June 25  July  27;  13 at  Seeberg,  Jul}  I    July  23; 
I".  at    Milan,  .luin'  27  July  26;    28  at  Palermo,  June  17 
July  23.      The  Milan  observations  are  in  the   Effemeridi 

Mi'inm. 

L804.  5  observations  at  Paris,  Sept.  13  Oct.6;  19  al 
Sept.  13-Oct.  24 ;  L2  a1  Milan,  Sept.  19-Oct.  17 ; 
L5  at  Palermo,  Oct.  2  Oct.  25. 

1806.  6  observations  at  Palermo,  Jan. 8  Feb.8;  1  tit 
Milan,  Jan.  1  Jan.  12;    2  at  Ofen,  Jan. 22  Jan.29. 

IS|I7.  17  observations  at  Palermo,  May2-May24; 
I..  ;it  Paris,  Apr.  21  May  24;  '.»  at  Gottingen,  Apr.  26- 
May7;  5  at  Padua,  Apr.  10  Apr.24;  15  at  Milan,  Apr.  19- 
Mayl3. 

1808  -1  observations  at  Palermo,  Aug.2  Aug.25;  1  at 
Gottingen,  .Inly  2.1 ;    :»  at  Milan,  July  28-Aug.  14. 

1809.  1  observations  at  Palermo,  Nov.  11-Nov.  18;  4  at 
Milan.  Nov.  1    Nnv.il;    8  at  Paris,  Oct. 23   Nov.  9. 

1811.  1  at  Gt  eenwich,  Mar.  '.>  Mar.  22  ; 
8  at  Seeberg,  Feb.  17  Feb.25;  8  at  Milan,  Feb.  13-Feb.  25 ; 
:;  at  Paris,  Feb.  is  Feb.  27. 

1812.  6  observations  at  Palermo,  June  8-June  19;  7  at 
Milan,  June  6  Junel3;    2  at  Greenwich,  June  14  Junel5. 

1813-.  3  observation  at  Vienna,  Sept.  18  Sept.  20;  7  tit 
Wilna,Sep1  2  Sept  L0;  1  at  Copenhagen,  Sept.  8  Sept.18. 
These  Berl.  Jahrbuch,  1817, p.  1  16. 

1^1  I.      There  1ms  1 n  found  bul  one  complete  observa- 

•  Greenwich  on  Dec.  16,  and  a  R.A.  at  Konigsberg  on 
Dec.  3.     A.s  tin-  two  l.'.A.s  disagree,  no  normal  1ms  been 
d  tot-  this  0] 

1816.  —  I  observations  at  Paris,  A.pr.l9-May  1;  12  tit 
KSnigsberg,  Mar.26   Apr.  IS. 

1817.  As  but  one  observation  was  found,  which  was 
made  at  Greenwich  J ulj  19,  if  was  though  1  not  worth  while 
to  give  a  normal  I'm-  this 

1818.  5  observations  at  Greenwich,  Oct.  7  Oct.  16;  8  a1 
Kot  igsberg,  Oct. :;  Oct.  20. 

1820.     2  observa  Hannheim,  Jan.  31-Feb.  2;    3a1 

Berlin,  Feb.8  Feb.  1  I  ;  3  at  Munich,  Feb  5  Feb.  8.  The 
first  tun!  sei  •   in  'lie  Berl.  Jahrbuch  for  1823 and 

1824. 

1821  ations   at    Greenwich   Maj   16    May26; 

Paris,May24   Junel;    9  at  Konigsberg,  May  8    June3. 

1822.— 3  observations  at  Paris,  Aug.  17  Aug.29;  flat 
Konig  L8-Sept.  •'!. 


1823.  3  observation  at  Greenwich,  Dec.  1  Dec.9;  5  at 
Paris,  Nov.  in   Dec.  7. 

1825.  2  i      at     <  liri'iiu  ich,    Mat'.  11      Mai     I's 

7    at    Paris,    Mai.  17   Mar.  29 ;     »'>  at   Konigsberg,   Mar.8 
Mat'.  19;    7  at  Gottingen,  Mat-. '.»   Apr.  7. 

1826.  ii  observations  at  Greenwich,  June  23  .Inly  1  ; 
I  at  Konig  i"  i  ■■.  June  27  Julj  '-'. 

1827.  8  observations  at  Konigsberg,  Sepl  20  Sept.  30. 

1829.  3  observations  at  Gottingen,  Jan.  22   Feh.ll. 

1830.  —  8  observations    at    Greenwich,   A.pr.19   May  3; 

7  at  Konigsberg,  Apr.  19  Mayo;    9  at  Gottingen,  Apr.  24 
Ma\  5  ;    8  at   Alio,  Apt.  17    May  12;    1(1  at  Vienna,  Apr.  17- 
May  12. 

1831.  6  observations  at   Greenwich,  July  22  Aug.  7; 
::  at  Cambridge.  July  22-July  31;    5  at  Vienna,  July  20 
Aug.  I'.. 

1832. —  4  observations    at  Konigsberg,  Oct.  29-Nov.  7  ; 
6  at  Altona,  Oct.  21-Nov.  Ill ;    6  at  Kremsmtoster,  t  let .  1  6 
Nov.  10. 

1834. — 4    observations  at  Greenwich,  Feb.  7-Feb.  21  ; 
6  at  Konigsberg,  Feb.  G-Mar.  3  ;    7  at  Mannheim,  Jan.  31- 
Feb.23;    6  at  Cracow,  Feb.  13-Mar.  1  ;    Sat  Munich,  Feb.  9 
Feb.  20  ;     1 1  tit  Vienna,  Feb.  9-Mar.  2. 

1835.  —  •">  observations  tit  Greenwich,  May  28-June  15; 
In  at  Konigsberg,  June  2-June  17  ;  10  at  Kremsmtoster, 
June 2  June  22;    8  at  Vienna,  June  3-June 27. 

1836.  —  6  observations  at  Greenwich,  Aug.  17-Sept.  30 ; 
5  at  Vicuna.  Sept. '.I  Sept.  2'.t ;  1  at  Helsiugfors.  Sept.  7  ; 
3  at  Cracow,  Sept.  5  Sept.  16;  2  at  Kremsmtoster,  Aug.  31- 
Sept.  1. 

1837.  1    observations  at  Greenwich,  Nov.l7-Jan.  L; 

1  tit  Paris,  Dec.  3    Dec.  26  ;    1  at  Konigsberg,  Dec.  1  ;    3  al 
Vienna,  Dec.  10   Dec.  30;    1  at  Kremsmtoster,  Dec.  15. 

1839.  -7  observations  at    Greenwich,   Mar.  27-Maj  2; 

8  at  Paris,  Mar.  26-Apr.  26 ;    9  at  Konigsberg,  Mar.26 
Apr.  20  ;    6  at  Vienna,  Apr.  5-Apr.  29  ;    I  al  Kremsmtinster, 
Mar.  21    Apr.  2.".. 

1840.  3  observations  at  Greenwich,  .Inly  27  Aug.  1  1  ; 
11  at  Paris,  July  14   Aug. 14;    3  at  Vienna,  July  21    Aug.  6. 

1841.  6  observations  at  Greenwich,  Oct.  12  Nov.  12; 
Cat  Paris,  Oct.  11-Oct.  28  ;    1  at  Konigsberg,  Oct.  5  ;    8  at 
Vienna,   Oct.  18   Nov.  11  ;    7   at    Kremsmunster,  Oct.  11 
Nov.  5. 

1843.-    2    observations   at    Greenwich,  Jan.  30-Feb.  6 ; 

2  al    Paris,  Jan.  19   Feb.  13;    2  at    KSnigsberg,  .Fan.  13 
Feb.  3  ;    5  at  Kremsmtoster,  Feb.  1-Feb.  15. 

1844.      7   observations  at   Greenwich,    Apr.28  June  I  ; 
II    at    Paris,  May  1—  lime  1  ;    '.>    at    KSnigsberg,   May  15 
June  1  ;    9  at  Kremsmtinster,  May  3-June  1  ;     1 1  at  Ham- 
burg, May  7    May  30. 

1845.-  8  observations  at  Greenwich  Aug.  15  Sept.9; 
5  ;ii  Paris.  Aug.  22  Sept.  6 ;  9  at  KSnigsberg,  Aug.  11- 
Sept.  5  ;    8  tit  Kremsmunster,  Aug.  9-Sept.  8. 
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1 846. — 4  observations  at  Greenwich,  Nov.  •'!  - 1  )ec.  4 ;  2  at 
Paris,  Nov. 20-Nov.  26 ;    5  at  Bonn,  Nov.  10   Dec.l. 

1848.  —  7   observations   at   Greenwich,   Mar.  7-Apr.  14  ; 
8  at    Paris,   Mar.  12-Apr.  14  ;    2  at  Konigsberg,   Mar.  13 
Mar.  20  :    9  at  Hamburg,  Mar.  22-Apr.  4. 

1849.  —  4  observations  at  Greenwich,  July  13-July  26 ; 
13  at  Paris,  June  18-July  13  ;  .5  at  Konigsberg,-  July  7- 
July  13  ;    3  at  Leipzig,  July  11-July  15. 

1850. — 9    observations    at    Greenwich.    Sept.  6-Oct.  5  ; 

I  at  Paris,  Sept.  6. 

1852.  —  6  observations  at  Greenwich,  Dec.  10-Jan.23; 
7  at  Kremsniiinster,  Jan.  1-Jan.  24. 

1853.  —  10  observations  at  Greenwich,  Apr.  7 -May  25; 
5  at  Paris,  Apr.  17-May  10;  4  at  Konigsberg,  Apr.22- 
May  17  ;  6  at  Kremsniiinster,  Apr.  25-May  24  ;  1  at  Bonn, 
Apr.  13. 

1854. — 4  observations  at  Greenwich,  July  20-Aug.  29  ; 

I I  at  Paris,  Aug.  2-Aug.  30  ;     7  at  Kremsniiinster,  July  24- 
Aug.  14  ;    3  at  Bonn,  July  25-Aug.  13. 

1855.  —  3  observations  at  Greenwich,  Oct.  15-Nov.  10  ; 
5  at  Paris,  Oct.  19-Nov.  11 :  4  at  Kremsniiinster,  Oct.  2S- 
Nov.  13  ;    2  at  Bonn,  Oct.  22-Nov.  2. 

L857.  —  8  observations  at  Greenwich,  Feb.  16-Mar.  16  ; 
3  at  Paris,   Feb.  24-Mar.  11 ;    10   at  Konigsberg.    Feb  3 
Mar.  1;    10    at    Berlin,    Jan.  31-Feb.  27  ;     13    at   Krems- 
niiinster, Feb.  1  1    Mar.  18  ;     11  at  Bonn,  Feb.  .V  Feb.  25. 

1858.  —  11  observations  at  Greenwich.  May  18-June  18  ; 
7  at  Paris,  May  19-June  1 1  :  12  at  Konigsberg,  May  29- 
June  18. 

1859.  —  10  observations  at  Greenwich,  Aug.  19   Sept.  19  ; 

10  at  Paris,  Aug.  19-Sept.  18;     7  at  Konigsberg.  Aug.  22- 
Sept.  19. 

1860.  —  7   observations   at   (Ireenwieh,  Nov.  15-Dec.  19  ; 
.".  at  Paris,  Nov.  18-Dec.  20 ;    •'!  at    Konigsberg,  Nov.30 
Dec.  4;    3  at  Berlin,  Nov.  22-Dec.  6  :    2  at  Kremsmunster, 
Dee.  6-Dec.  21. 

1862.  — 13  observations  at  Greenwich.  Mar.  25-May  5 

11  at  Paris,  Mar.  30-May  5  ;  3  at  Berlin,  Apr.  2-Apr.  9 
1  at  Vienna,  May  2  ;  3  at  Copenhagen,  Apr.  15- Apr.  21 
1  at  Konigsberg,  Apr.  9  ;  8  at  Kremsniiinster.  Apr.  2-May  •'! 

1863.  —  7   observations   at    Greenwich,  July  2- Aug.  7 
13  at  Paris,  July  5-Aug.  3  ;     1  at  Leiden,  July  12  ;     2  at 
Kremsmunster,  July  19-July  28  ;     1  at  Berlin,  July  .".. 

1864.  —  11  observations  at  Greenwich  and  Paris.  Oct.  3- 
Nov.  3;  20  at  Konigsberg,  Oct.  3-Oet.  11 ;  8  at  Leiden. 
Oct.  2-Oct.  20  ;  5  at  Cracow,  Oct.  16-Oct.  23  ;  1  at  Wash- 
ington, Oct.  25-28. 

1866.  —  5  observations  at  Greenwich  and  Paris,  Jan.  22- 
Feb.  23  ;  10  at  Leiden,  Jan.  15-Feb.  15  ;  4  at  Washington, 
Jan.  31-Feb.  26. 

1867  —  11  observations  at  Greenwich  and  Paris.  May  to 
June  4  ;  6  at  Konigsberg,  May  8-May  31 ;  5  at  Bonn, 
May  18-May  30  ;     2    at    Leipzig,    June   1-June  2  ;    2    at 


Leiden,    May    17  -June  1  ;     2    at    Kremsniiinster,  June  5 

Jlllie  6 . 

1868.  —  7  observations  at  Greenwich  and  Paris,  Aug.  25- 
Sept.S;    5  at  Kremsmunster,  Aug.  26   Sept.  1:    I  at  Leiden. 

lug.8  Aug.25;  11  at  Warsaw,  Aug.  10-Sept.  8 ;  9(inDec.) 
at  Padua.  Aug.  15  Sept.  5  ;  3  at  Washington,  Aug.  13- 
Aug.  29. 

1869.  6  observations  at  Greenwich  and  Paris,  Nov.  8- 
Dec.  I:  2a1  Berlin,  Nov.  12-Dec.  1  ;  3  at  Leipzig,  Nov.  12- 
Nov.  29  ;     4  at  Warsaw.  Nov.  23    Pee.  10. 

1871.  —  4  observations  at  Greenwich,  Mar.  21-Apr.  4 ; 

5  at  Kremsmiinster,  Mar.  13-Mar.  24  ;  5  at  Berlin.  Mar.  1- 
Mar.  24  ;    3  at  Leiden,  Feb.  28  Mar.  13. 

1872. — 11  observations  at  Greenwich  and  Paris.  June  14- 
July  12  ;  .">  at  Konigsberg,  July  6- July  12  ;  2  at  Krems- 
miinster, July  7  July  10  ;  2  at  Berlin,  June  20-June  29  ; 
2  at  Leipzig.  June  •_■:;  July  8  ;  3  at  Neufchatel,  June  14- 
June  '-"-'. 

1873. — 13  observations  at  Greenwich  and  Paris,  Sept.  19- 
Oct.  17;  2  at  Konigsberg,  Sept.  28  Oct.  13;  2  at  Krems- 
munster, Sept.  11  -Oct.  3  ;  2  at  Berlin,  Sept.  18-Sept.  21 ; 
1  at  Vienna,  Oct.  10  ;  3  at  Leiden.  Sept.  20-Sept.  27  ;  4  at 
Madrid,  Sept.  24-  Sept.  27. 

1875.  —  9  observations  at  Greenwich  and  Paris,  Jan.  5-, 
Jan.  28  ;    5  at  Washington,  Dec.  11-Dec.  23. 

1876.  —  16  observations  at  Greenwich  and  Paris.  Apr.  21- 
May  19  ;  1  at  Vienna,  May  14  ;  6  at  Washington,  Apr.  22- 
May  13. 

1877. -  -7  observations a1  Greenwich  and  Paris.  July  24- 
\.ug.  27. 

1878  — 7  observations  at  Greenwich  and  Paris,  Oct.  25 
Nov.19;    4  at   Hamburg,  Nov.  6   Nov.  20. 

1880.  —  5  observations  at  Greenwich,  Feb.  11  Mar.  15  ; 
4  at  Konigsberg,  Mar.  0  Mar.  14  ;  5  at  Pulkowa,  Feb.  16- 
Feb  23;    1  at  Washington,  Nov.  5. 

1881.-  11  observations  at  Greenwich,  May  30  June  30  ; 
1  at  Hamburg.  June  29 ;  3  at  Washington,  June  12- 
June24. 

L882.— 8  observations  at  Greenwich,  Sept.  2  Oct.  24. 

1883.  —  10  observations  at  <  Ireenwieh,  Nov.  20  1  »ec.  15  . 
10  at  Washington.  Nov.  17-Dec.  17. 

1885.  -    1  I  observations  at  Greenwich,  Mar.  27-  Apr.  25: 

6  at  Hamburg,  Mar.  28  Apr.  28;  3  at  Berlin,  Apr.  24- 
Apr.  28. 

1886.—  -2  observations  at  Greenwich,  July  5-Aug.  7  ; 
6  at    Paris.  July  22    Aug.  10. 

L887.  —  6  observations  at  Greenwich,  Sept.  29  Oct.  31  ; 
9  at  Paris.  Oct.  14-Nov.  3. 

L889.  — 8  observations  at  Greenwich,  Jan.  8-Feb.  15. 

1  .sou.  —  9  observations  at  Greenwich,  May  II  June  9: 
8  at  Paris,  May  21-June9. 

1891. —  11  observations  at  Paris.  Aug.  24-Sept.  16. 

1  S92.  —  6  observations  at  Greenwich,  Nov.  1-  Nov.  30. 
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IS9  ll"  iiu  ich,  Feb.  20   Mar.27; 

I"  al    Paris,  Mar.  Id    Mar.  24. 

IS95.  —  6    observations   al    Greenwich,  June  5  Julj  9  : 

ilouse,  June  I  5  July  ('.. 
189G.        I  observations  al  Greenwich,  Se]      9  Oi      23. 
1 897.       9  ol  G  I'l'im  uli.  No     ::■'   I  »ec.  31 . 

1 1  i  eenM  icli  mi  in  noon, 
i    1 1 . 1 1  appttr- 

'.         ■    i        m     ■■     No.  Obs.  whej  e  I  here  are  two 

irs,  1  lie  firsl  the  R   L,  s  ud   i  lie  second  to 

mber  is  gi  •  minion 

I  n  t  be  p  -ii  In-  number  i      obsen  ations 

I !    i     excep     no  re  1  here  v\ as 

Norm  w.   Positions  i  i 

True  R.A.  True  Decl. 


Date 

L801  Jan.  21 
L802  Mar.  31 
1803  Ji 

1806  J 

1807  May  6 
L808    \ 

1809  N 

Feb.   24 

1812  J       il2 

1813  S 

181G  i.pi  12 
1818  <  »ct.    13 

1820  F 

1821  M 

1822  \ 

1823  S 

1825  Mar.  19 

1826  June  28 

1827  Sept.  26 

1829  Jan.  30 

1830  May       1 

1831  July  29 

1832  i  i 

1834  Feb.   17 

1835  -i 

Sept.  10 
1837  Dec.   L5 


11.25 

57.76 

7.29 

34.42 

VS. '.II 


3  26 

12  -1 
is  37 

n  37 

6  11 

1  I  .-.(i  31.06 

21  15  12.22 

2  15  57.21 
in  29  53.65 
17  18  55.70 
23  36  0.01 

13  26  22.53 

1  11  7.26 

8  28  16  06 

15  58  28.54 

22  26  is..-,  I 

3  I!'  13.11 
vi  2  38  57 
is  37  13.12 

n  36  36.66 

6  24  L6.94 

1  I  13  30.55 

21  is  10.16 

■l  lo  56.18 

Ki  21  31.16 

17  14  5.88 

23  30  5.77 
5  1  35.07 


+ 


■  I.;  57  21.6 

+  17  59  18.4 

2S    I  1  23.2 

-12  53  56.6 

1-30  34  28.2 

-  5    is  26.0 

-  29  25  56.6 
.-,1  55.8 

(i  41.2 

7  54.0 

ii  20.4 

1 1 1  11.5 

33  1.8 

+31   56  is.  I 

.  I  I   53  s  ;; 

-25  50  22.0 

+  13    18  15.5 

+  18  26  28.2 

-27  55  32.5 

-13  in  13.4 

+  30  40  39.0 


—  20 

+    7 

I 


-    I 
28 

■  I 
+  1'7 
— '''_' 
-19 


0.J 
19.4 

6.4 
16.5 

.'!"  .", 

21.2 

S.7 


No.  Obs. 

22  "1 
si  80 
78  67 
51  19 
12-11 

61 
31    29 

16 

15 

1  I 
16-15 

13 
8-7 

1(.) 
'.i  8 
8-6 

in 
8 

13 

14-ld 
16  Id 
12    II 

31 
17-16 

13 


1839 
1840 

is  11 
1843 
1844 
1845 
1846 

ISIS 

1849 
L850 
1 852 

is:,:; 
1 85  I 
I  855 
is;,  7 
1 858 

1  S.V.I 

1860 
l  se- 
ise,:; 
1864 
1866 
1867 
1868 
1869 
1871 
1872 
1873 
IS  77, 
1876 
1S77 
1878 
1880 
1881 
1882 
1883 

1SS7, 

1886 
1887 
1889 
1890 
1891 
1892 
1894 
1895 
1896 
is:  1 7 


Date 

Apr.  13 
Aug.  2 
Oct.  26 
Feb.  5 
Maj  17 
Lug.  29 
Nov.  19 
Mar.  28 
July  5 
Sept.  is 
Jan.  8 
M:i\  5 
Aug.  13 
Nov.  I 
Feb.  22 
June  ( ', 
Sept.  1 
Dec.  1 
A,,r.  21 
July  16 
Oct.  16 
Feb.  I 
M;i\  26 
Aug.  27 
Nov.  23 
Mar.  19 
. I  line  .">(» 
Sep1 .  •",|1 
Jan.  5 
May  6 
Aug.  17 
Nov.  7 
Feb.  28 
Ju  n  e  16 
Sept.  23 
Dec.  I 
Apr.  I 
July  30 
Oct..  22 
Feb.  I 
May  27 
Sept.  e 
Nov.  18 
Mar.  15 
June  22 
Sept.  26 
Dec.   1!) 


13  is 

19  38 

1  23 
8  is 

15  .v.i 

22  16 
3  17 

11  II 

is  22 

0  37 
6  32 

I  I  30 

20  7,7 

2  30 
in  7 
17  11 

23  31 
5  I 

13  5 

19  48 

1  26 
8  10 

15  15 

22  12 

II  43 

IS  I'll 

(i  23 

c,  25 

14  21 

20  18 


1.12 
13  :;.-, 
32.81 
38.23 

1.89 
34.94 
36.12 
36.17 
26.38 
56. 1  I 
17.89 
14.15 
56.49 
18.54 
26.90 
32.29 
59.71 
30.93 
28. 1  I 
49.23 
23.54 
II  16 
39.55 
40.98 

5.90 

0.10 


11 


2  22     s. 


9  53 
16  54 

I  58 
13  3 
19  27 

1    16 

8     o 


1 1  33 

18  20 

ii  l'ii 

6  29 


17.79 
4.83 
52 :;:; 
28.2  I 
26.43 
9.79 
15.76 
40.55 
47.70 
I  1.06 
18.75 
59.87 
.vs.  in 
25.27 
58.43 


+  8 
-31 

—  5 
+32 
-14 

26 
+  1 3 
+19 
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12  23.7 
15  29.4 
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2  25.3 

in  35  2 
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59  17.:; 
11  45.6 
I  21.3 
'.i  31.1 

1  41.0 
17,  24.5 

8  17.2 

27  6.2 

2  35.3 

13  37.5 
15     0.0 

5  26  2 
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8  42.6 
5  59.1 

13  22.6 
:,ii  32  8 
35  19.5 
30  36.0 
II  34.7 
::i  29.6 
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2  16.2 
II  10.7 
25  is  7 
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7,7,  43.7 

28  41.0 
45  39.7 
:,:;  57.6 

2  52.7 
4  20.9 
13   15.1 

51  : ; "  2 

52  12.0 
45  47,.:; 

29  10.2 
ii    17.7 

58  1.7, 
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ON    PISTOK    AND    MARTINS'S    PRISMATIC   REFLECTING    CIRCLE. 

By  T.   II.  SAFFORD. 


i  ii  m  \  iakt's  excellent  treatise  on  Spherical  and  Practical 

seems  to  contain  an  oversighl    which    probablj 

intallj  arises  from   the  method   employed    in  the  con- 

criticism. 
1  >■.      i  i    92  of  Volume   II  3ei  78;  " The 

I  asl  ronom  ical  insl  rumenl     i    them 
adapted  to  the  pitrposes  of  the  investigator  and  the  scien- 
er." 


This  statement,  for  the  better  students  wl lectastri mj 

in  their  college  course,  seems  to  need   i lification  as  the 

••  I  laiidlineli  iler  Nautischen  Instrumente," published  by  the 

rlydrographical   Bureau  of  the  German  Admiralty,  as  well 

as  a  similarly  authorized  "  Han dbuch  der  Navigation,"  con- 

a    description    of   the    Pistok    and    Martins    Pris- 

Circle  which  shows  the  superiority  of  the  later  in- 

insl ' •! "it    both  theoretically  and  practically  .  as  I 

have  tested  bj  the  use  oi  the  prismatic  circle  which  Wil- 
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Hams  College  Observatory  possesses,  procured  of  the  firm 
of  Buff  &  Burger,  formerly  of  9  Province  Court,  Boston. 
The  circle  alluded  to  was  made  by  Wagener  of  Berlin, 
and  is  excellently  well  made  so  far  as  I  can  judge.  It  has 
the  smaller  dimensions  described  in  the  German  books. 
The  sextants  which  the  College  possesses  include  an  older 
one  by  a  good  firm,  Spencer,  Browning  &  Rust,  of  Lon- 
don, which  was  purchased  of  an  old  ship  captain,  who 
found  it  so  difficult  to  read  off  that  he  supposed  his  eye- 
sight was  in  fault.  Consequently  it  was  redivided  by  John 
Bliss  &  Co.,  128  Front  Street,  New  York  City,  a  well-known 
firm  of  dealers  in  nautical  instruments.  At  a  future  time 
1  hope  its  errors  will  be  investigated  by  my  pupils.  The 
College  possesses  all  the  necessary  apparatus  for  the  pur- 
pose. The  chief  advantage  in  the  prismatic  circle  of  Pis- 
tor  and  Martins,  or  those  like  them,  is  that  as  a  circle 


it  enables  the  observer  to  eliminate  at  once  the  eccentricity 
of  the  alhidade  by  reading  the  two  opposite  verniers. 

For  the  other  advantages  of  this  instrument  see  page  130 
of  Volume  II  of  Chauvenet's  "  Manual,"  a  book  which  is 
preferred  by  our  students,  from  easily  understood  causes,  to 
Brunnow's  English  translation  of  his  own  spherical  astron- 
omy, and,  of  course,  to  Doolittle's  "Practical  Astronomy," 
and  other  similar  smaller  works.  The  smaller  dimensions  of 
the  prismatic  circle  require  more  delicate  handling  than  the 
larger.  Those  who  wish  to  see  how  the  circle  of  larger 
dimensions  endures  the  tests  made  under  very  unfavorable 
circumstances  of  transportation,  &c,  may  be  referred  to 
Prof.  Backland's  paper,  "Astronomisehe  Ortsbestimm.ungen 
r  hi  Niirdlirltrn  Ru.ts/itnil,"  in  Vol.  7  of  the  Melanges  Mathe- 
matiques  et  Astronomiqy.es. 

William*  ('nil* ije  Obsereatory. 


SOUTHERN 

liv  R.  T. 
[Communicated  by  Dr.  David  Gii.i,,  c.\'<..  etc 

On  page  (94)  of  Vol.  I  of  the  Cape  Photographic  Durch- 
musterung,  Professor  Kapteyn  remarks  that  the  variability 
of  the  star  at  17"  49'"  32s  ,  -49°  24'.9  (1875)  is  all  but 
proved  by  the  Cape  "  Carte  du  del"  plates.  This  star  is 
C.P.D.  —  49°10361.  Observations  were  commenced  in  May, 
L898,  and  soon  showed  a  range  of  magnitude  from  9M.0  to 
9S1.8,  but  it  was  not  until  the  night  of  Oct.  3,  1899,  that  its 
period  was  even  roughly  ascertained.  It  was  then  found 
tn  have  a  period  of  under  7h  30,n.  The  shortness  of  this 
period  put  many  of  the  observations  out  of  count,  as  the 
date  only,  without  the  hour  and  minute,  had  been  reci 

The  remaining  observations  are  annexed.  Assuming  a 
period  of  0d.3115  (or  about  7h  28'"  36E)  and  reducing  all  the 
observations  to  the  period  Oct.  3,  1899,  7h  30'"  to  loh,  they 
have  been  plotted.  I  have  drawn  two  curves  through  the 
observations,  and  the  deviations  from  one  or  the  other  are 
well  within  the  errors  of  observation.  The  observations 
have  been  corrected  for  the  light  equation,  before  being 
plotted,  by  the  formula 

-7'".5  cos  (0-88°) 

The  range  of  magnitude  is  from  8*.9  to  9*. 75,  and  the 
form  of  either  curve  much  resembles  that  of  ordinary  long- 
period  variables.  Excluding  cluster-variables,  this  is  the 
shortest  period  variable  known.  As  to  the  two  curves  even 
and  odd  maxima  will  not  account  for  them.  All  that  has 
been  derived  with  any  certainty  is  the  average  period  and 
amplitude  of  the  curve.  Observations  extending  over  8  or 
9  hours  or  more,  on  several  successive  evenings,  will  throw 
further  light  on  the  variations  of  the  curve.     These  will  be 


VARIABLES, 

A.   IXXES. 

,  ELM.  Astronomer  at  the  Cape  of  Good  Hope.] 
undertaken  in  due  course.     Meanwhile,  it  may  he  pointed 
out  that  the  curve  seems  to  be  subject    to    irregularities 
analogous  to  that  of  Mira  Ceti. 

Gillis's  Polar  Zones  9P.IL'.     9M.0. 

This  star  is  included  in  one  of  Professor  Kapteyn's  lists 
of  stars  not  found  on  the  C.P.1>.  plates.     It  is  variable  : 


899  Aug.    4 

10.2 

!t 

10  ± 

17 

10.3  (red) 

Sept.    1 

9.9 

1  >ct.     6 

8.7 

10 

8.2  red  6.5 

14 

8.2 

IS 

7.7 

22 

7.7  red 

isr>o.    s  net < >!■;.<.    (j.j.468.) 

\  maximum  occurred  in  August,  1899: 


899  May  31 

invisible 

Aug.  27 

8.3      red   6 

Sept,  30 

9.1    red  7.5 

Oct.      3 

9.25  red  8 

10 

9.4 

oo 

9.7 

Between  the  different  observed  maxima  (or  thereabouts) 
I  find  the  following  intervals  and  periods  with  their  esti- 
mated extreme  errors  : 
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N--  is; 


5076    t  35   =  123 

-  410  ±10 

172S    ±12   -  132  ±   3 

1758    |     i  139  ±    1 

or  an  aver. i  s  ±5d. 


1  2  periods 

I 
I 


C.P.D.       II  1681.      i  l.J.  168.) 

Dr    Roberts  of  Lovedale,  has  kindly  informed  me  thai 
the  period  of  this   Alffol-va.ria.ble  is  about  6d.44,  ami   nol 
11  906  as  I   liad  supposed.     M\  observations  are  not  in- 
n  il  Ii  the  shoi  I  ei    pi  c  od,  and  a   re-redw  I  ion  oJ 
6a.44.     To  use  the  C.P  D.  minimum,  of  1890 
May  l"  -'I"1  intervals   and  a  period  of 

6*.4423. 


O.A.  13441.     (A.J.  168.) 
Observations  of  a  recenl   maximum  give  anev  interpre- 
tation to  the  old  observations.     The  rise  to  a  maximum  is 
verj  sudden,  with  a  long  stay  there  —  fading  noi  more  than 
n\  I  in  .'.n  days. 

Hence  the  Cape  observations  may  lie  taken  thus: 


1899  Aug.  in 

S.I 

0 

1898  Aug.  27 

8.8 

—    7! 

1897  Sept.24 

8.8 

+     .-» 

1896  Oct.      1 

9.0 

-   9 

And  Cordoba        1879  June  29 

8.75 

—82 

Argelander  1851  May   20 

8.0 

0 

The  column  O  — C  assumes  a  period  of  .".l.V.  but  the  dis- 
cordance of  the  Cordoba  maximum  is  too  large  to  allow 
this  result  milch  weight. 


Observations  of  C.P.D.  49  10361. 


L899 

1  ,M.  1 

Mag 

1S99 

C.M.T. 

Mag. 

1899 

C..M.T. 

Mag. 

1S09 

C.M.T. 

Mag. 

h       in 

9.5 

- 

h      in 

8   is 

9.65 

Oct,      3 

lii'i'ii" 

8.9 

Oct.    13 

h       m 
10         I 

9.25 

19 

7  28 

9.65 

25 

6  56 

9.0 

in  33 

S.'.l 

10    I'd 

9.35 

22 

7   I'l 

9  l 

7  27 

9.0 

10    15 

8.95 

14 

o  56 

0.0 

26 

6  20 

'.i.l 

9  57 

'.».  1 

10  54 

9.1 

8     4 

9.25 

27 

6  11' 

9.4 

Id  47 

9.5 

11      7 

8.9 

s   1  1 

'j.2r, 

28 

5    11 

9.75 

26 

6  50 

9.4 

11    i'l 

9.1 

s  26 

9.4 

\          i 

8   13 

9.0 

7    IS 

9.4 

ii  i':; 

'.i.l 

IS 

6  7)7 

9.65  t\\  i. 

1  1 

6  28  l 

9.0 

8  50 

9.4 

11   30 

9  25 

7  11 

0.0 

16 

9    1  1 

9.6 

27 

6   Ii' 

9.55 

11   36 

9.3  low 

7  34 

0.1 

17 

6  30 

9.75 

7  I'l 

9.5 

11    11 

'.i.:;  low 

7  39 

o.:; 

31 

11    13 

9.3 

8   13 

9.65 

11    17 

'.»..",  low 

7  42 

9.3 

3 

7  22 

9.4 

28 

6  53 

9.65 

(•> 

6   .Ml 

9.5  twi. 

7  47 

0.1' 7. 

2 

6  57 

9.2 

30 

8  38 

9.35 

7    11 

!>.(■■ 

7   oS 

0. 1  7, 

8  29 

9.3 

Ocl       1 

7  56 

9.5 

7  29 

'.».(;.-, 

S      7) 

0.117. 

12 

7     9 

'.i  15 

8  29 

9.5 

7   7)7 

9.65 

S    10 

0.0 

8  37 

9.6 

:; 

8     6 

9.75 

10        7     2 

9.3 

'I'l 

7     8 

0.07 

L6 

7  26 

'.i.l 

9   1  1 

9.7 

7    11 

■.i.l 

7  16 

0.7 

17 

10   18 

9.65 

9   17 

9.55 

7    1.". 

'.i.:;.-, 

7  38 

ii  CK  1 id'ly 

•'■"•'   l,rclil,-i 

L8 

;i  53 

'.i  55 

9  50 

9.3 

7    17. 

0.47) 

7  55 

0.7 

19 

6  34 

9.6 

'.i  52 

9.2 

S     1  1 

9.45 

s   17 

9.7 

7    1  1 

9.65 

9  54 

9.1 

s  33 

0.7) 

11 

7     2 

9.35 

8    i:: 

9.6 

9  58 

9.0 

S   4!) 

9.6 

9.4 

20 

'.i     6 

9.4 

in      1 

9.05 

0     7 

9.6  good 

7  55 

o.l 

23 

7  34 

Ki  12 

9.0 

9   17 

9.55 

S    If, 

9.5 

24 

7  32 

9.7 

10  20 

8.9 

13 

9  48 

9.2 
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THE   CASE   ALMUCANTAR, 

By  CHARLES  S.  HOWE. 


In  1870  Dr.  S.  C.  Chandlei;  invented  an  astronomical 
instrument  which  he  called  an  almucantar.  He  used  the 
instrument  for  determinations  of  time,  latitude,  right- 
ascensions  and  declinations  of  stars — in  fact  for  all  the 
work  of  a  transit  circle.  The  almucantar  consisted  of  a 
telescope  fastened  to  a  rectangular  support  which  floated 
in  mercury.  The  box  containing  the  mercury  could  be 
turned  in  azimuth.  The  telescope  was  adjusted  at  a  fixed 
vertical  angle,  and  hence  by  turning  the  instrument  in 
azimuth,  the  central  horizontal  wire  traced  out  in  the  sky 
a  circle  parallel  to  the  horizon  or  an  almucantar.  The 
time  when  any  star  passed  this  almucantar  either  in  ascend- 
ing or  descending  could  be  determined.  In  short,  for  the 
fixed  meridian  of  the  transit  circle  was  substituted  a  fixed 
circle  parallel  to  the  horizon.  The  advantages  claimed  for 
this  new  method  of  observing  were.  1st  —  that  it  eliminated 
all  flexure.  2d — that  it  eliminated  all  errors  of  refraction 
which  depend  upon  zenith-distance :  the  only  change  of 
refraction  which  could  affect  the  results  being  those  due  to 
change  of  pressure  and  temperature  at  a  fixed  zenith- 
distance.  3d  —  that  the  deviation  of  the  central  wire  from 
the  fundamental  plane  of  reference  was  much  less  than  the 
deviation  of  the  transit  circle  from  the  meridian.  4th  — 
stars  could  he  observed  all  around  the  circle  of  reference 
instead  of  over  about  one-half  of  it  as  in  the  transit  circle. 

The  first  almucantar  constructed  had  a  telescope  1A-"  in 
diameter,  and  2i~>"  focal  length.  The  results  obtained  with 
this  instrument  were  presented  to  the  American  Asso- 
ciation for  the  Advancement  of  Science  at  the  Boston  meet- 
ing in  18.Sn.  These  results  were  so  satisfactory  that  a 
larger  instrument  having  a  telescope  of  4"  aperture  and  44" 
focal  length  was  built.  A  full  description  of  this  instru- 
ment and  the  work  accomplished  with  it  is  given  in  Vol.  17, 
Annals  of  the  Harvard  College  Observatory.  The  telescope 
was  mounted  on  a  light  wooden  float  about  31"  X  6",  with 
ends  10"X8".5  projecting  at  right  angles.  The  float  and 
telescope  complete  weighed  31  lbs.  The  clock  corrections 
obtained  agreed  very  closely  with  those  obtained  with  the 
large  transit  circle  of  the  Harvard  Observatory.  A  series 
of  latitude  observations  extending  throughout  a  year  showed 


the  variation  of  latitude,  although  its  true  character  was 
not  then  recognized.  Determinations  of  right-ascension  and 
declination  showed  a  close  agreement  with  those  obtained 
at  Greenwich. 

A  similar  instrument  was  built  at  the  same  time  for  Mr. 
C.  H.  Rockwell  of  Tarrytown,  N.Y.,  and  has  been  used 
ever  since  in  his  private  observatory. 

The  work  accomplished  with  this  instrument  interested 
me  deeply,  and  it  seemed  to  me  desirable  that  a  large  almu- 
cantar with  optical  power  equal  to  that  of  the  best  transit 
circles  should  be  built  and  used  for  research  work.  About 
a  year  ago  the  opportunity  came  to  me  to  build  such  an 
instrument.  The  rough  sketches  were  submitted  to  Warner 
l\:  Swasey.  who  completed  the  drawings  and  constructed 
the  instrument.  The  optical  parts  were  made  by  Brashear. 
It  was  decided  to  have  an  object  glass  of  6"  aperture.  Dr. 
Ch  wi.i.fi.'  had  suggested  that  an  instrument  might  be  con- 
structed with  a  horizontal  telescope,  the  light  being  re- 
flected into  it  by  means  of  a  plane  mirror.  I  adopted  this 
suggestion  because  I  thought  the  wind  would  have  much 
less  effect  upon  the  instrument.  Dr.  Chandler's  almu- 
cantar had  a  very  light  float.  I  decided  upon  a  heavy  float 
of  cast  iron.  The  reason  for  this  change  was  that  a  heavy 
iron  float  would  be  less  liable  to  change  of  form  on  account 
of  changes  of  temperature,  etc..  and  the  wind  would  have 
less  effect  upon  it.  In  order  to  test  the  stability  of  a  heavy 
float,  one  was  constructed  of  cast  iron,  rectangular  in  form, 
and  weighing  1 50  lbs.  There  was  no  arrangement  for  alter- 
ing the  center  of  gravity  with  respect  to  the  center  of 
floatation,  and  the  method  of  preventing  the  float  from 
moving  up  against  the  sides  of  the  box  introduced  some 
friction  which  might  alter  the  level  of  the  float.  A  deli- 
cate astronomical  level  indicated  that,  after  disturbance, 
the  float  always  returned  to  very  nearly  the  same  position. 
The  changes  were  so  slight  that  it  was  a  question  whether 
they  were  in  the  float  or  in  the  level.  In  order  to  test  the 
question  in  another  way,  Dr.  E.  W.  Morley  of  Western 
Reserve  University,  arranged  an  interferometer  in  such  a 
\\;i\  that  changes  of  level  would  be  indicated.  The  dis- 
tance between  two  wave  lengths  of  light    was  equal  to  a 
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change  of  0"\8  in  level,  and  we  could  easily  estimate  tenths 
of  this,  or  0".08.  Long  series  "I  measurements  with  this 
instrument  indicated  that  the  floal  almosl  invariably  re- 
turned to  the  sai  in'  position  after  disturbance,  a  in!  the  vari- 
ations aoted  could  be  ea  irj  accounted  Eor  by  friction  of 
the  pins  which  held  it  in  place,  ami  the  action  of  the  menis 
cus  i'l'  the  surface  of  mercury.  The  form  "l'  the  floal  was 
next  to  be  decided.  II  the  floal  was  rectangular  as  in 
Dr.  Chandler's  nisinniient.it  would  weigh  at   least   1000 

lbs.,  the  mercury  am!  the  bos  I itain  it  would  weigh  at 

leasl  500  lbs.  more.  This  weight  would  have  to  be  turned  iii 
azimuth  for  every  star.  Some  years  ago  Professors  Morley 
ami  Michelsos  while  working  with  the  interferometer  hail 
constructed  a  float  in  the  form  of  a  ring.  Dr.  Moki.ky  assured 
lal  this  worked  admirably .  the  vibrations  subsiding  al- 
mosl instantly  after  disturbance.     This  form  was  therefore 

n  for  the  tloat.      The  result  of  these  changes  has 

been  an  instrument  embodying  the  floating  principle  of  the 
il  almucantar  bul  totally  different  in  appearance. 

Fig.  2  shows  a  vertical  section  of  the  instrumenl  through 
ater. 

Figs.  •"'  ami   I  show   the  instrument  in  the  observatory. 

four  stone  piers,  two  of  which  are  shown  at  1\  I',  in 
Fig.  -.  supporl  an  iron  ring-shaped  box,  ".  u.  This  box 
contains  the  mercury,  ami  in  it  floats  the  ring-shaped  float, 
/..  b,  which  has  an  outer  diameter  of  tifty-seven  inches,  a 
width  ot  eight  inches,  and  a,  depth  of  four  and  a  half  inches. 
The  distance  betweeD  the  float  and  the  box  is  one-quarter 
of  an  inch,  except  at  the  top.  where  it  is  one  inch.  The 
float  supports  tin-  horizontal  telescope  tube,  C,  C,  and  the 
frame,  d,d,  from  which  hang  four  rods  carrying  the  weights 
/,-.  „•.      The  'id    the  frame   can  he  screwed  down 

float.  I'hc  tloat.  tch-scope  tube  ami  frame  weigh 
ii,  mi  eighteen  hundred  pounds',  The  addition  of  weights 
,r  changes  the  position  of  the  center  of  gravity  with  re- 
specl  to  tic  center  of  floatation.  A  central  pier,  <,).  sup- 
ports a  twelve-inch  setting  circle,  <-.  which  is  read  from  the 
imenl  by  means  of  the  telescope  n. 
ntral  pier  also  supports  a  collar, /,  which  has  a  clamp, 
not  shown  in  the  figure,  and  a  slow -mot  ion  rod.  s.  The 
only  connection  between  the  tloat  and  the  clamp  collar  is 
the  pin.  /.  which  plays  in  a  slot.  m.  'When  undamped  the 
pin.  /.  carries  the  collar,  e,  around  as  it  is  turned  in  azi- 
muth. The  clamp  fastens  the  collar  to  the  central  pier, 
and  the  instrument  cannol  turn  in  azimuth,  but  it  is  as  free 
to  mo  ■'  her  direction  a.-  w  hen  undamped. 

Fig.  1.  which  is  a  vertical  section  through  the  center  at 
right  angle--  to  fig.  2,  shows  the  method  by  which  the  tloat 
is  kept  from  touching  the  sides  of  the  box.'/.".  K  is  a 
block  of  iron  resting  on  the  central  pier,  Q,  and  terminating 
in  a  cylinder  open  at  the  top.  /  is  an  iron  ball  at  the  end 
of  a  rod  coming  down  from  the  bottom  of  the  telescope 
tube,  and  fitting  into  the  open  end  of  the  cylinder,  which 
Cast   Observatory,  Cleveland,  Ohio,   1900  Vov.o. 


is  filled  with  watch  oil.  Although  the  inst  ruinent  weighs 
tw.enty-three  hundred  pounds,  the  slightest  pressure  of  the 
finger  turns  it  around  this  ball. 

lu  the  telescope  tube  arc  the  six-inch  objective  of  sixty 
inches  local  length  and  the  plane  mirror  seven  inches  in 
diameter  which  reflects  light  into  the  telescope.  The  mir- 
ror rests  against  the  screws,  S,  S,  and  is  fixed  at  such  an 
angle  as  to  rolled  stars  which  are  at.  an  angle  above  the 
horizon  equal  to  the  latitude.  The  screws,  s,  s,  permil  a 
slighl  adjusl men!  of  the  mirror. 

'I'hc  eye-piece  has  a  reticle  of  seventeen  horizontal  wires 
arranged  in  three  tallies.  No  micrometer  is  needed  as  till 
determinations  of  time,  latitude,  right-ascension  and  decli- 
nation, arc  made  from  the  times  at  which  stars  pass  the 
centra]  wire  of  the  reticle. 

This  instrument  differs  materially  from  the  transit-circle,  as 
it  has  neither  pivots,  level,  fine  circle,  reading  microscopes  or 
micrometer,  instead  of  the  three  corrections  of  the  transit 
circle,  the  almucantar  has  one        that  of  zenith-distance. 

Some  of  the  advantages  of  the  circular  float  are:  — 
First — that  it  can  be  easily  turned  in  azimuth.  Second  — 
that  the  motion  of  the  float  produces  a  motion  in  the 
mercury,  and  keeps  it  at  the  same  temperature  throughout. 
If  the  mercury  is  not  agitated,  one  part  of  it  will  tend  to 
become  colder  than  the  rest,  and  this  w  ill  change  the  angle 
of  the  float. 

The  instrument  was  ready  for  use  in  March  of  this  year. 
Since  then  I  have  been  engaged  in  learning  how  to  use  it 
to  best  advantage,  in  adjusting  the  weights  and  in  deter- 
mining its  changes  of  zenith-distance,  after  disturbance  by 
means  of  a  delicate  level.  It  is  too  early  yet  to  speak  of  t  lie 
character  of  its  work.  I  might  say,  however,  that  it  appears 
remarkably  steady.  It  can  be  turned  in  azimuth  360  degrees 
without  changing  a  delicate  level  placed  on  the  telescope 
tube,  more  than  seven  seconds  of  arc  All  oscillation  seems 
to  have  ceased  in  one  minute  after  setting.  Stars  can  be 
observed  at  intervals  of  three  minutes.  Most  of  this  time 
is  taken  up  in  setting  the  instrument  and  dome  and  mak- 
ing notes.  So  far  as  oscillations  go,  observations  could  be 
made  once  in  two  minutes.  Under  rather  unfavorable 
circumstances  readings  with  a  level  indicated  that  the 
probable  error  of  the  setting  was  (I'M.  This  is  made  up  of 
three  parts,  viz. :  — the  sluggishness  of  the  level,  the  error 
of  reading  and  the  error  of  the  instrument.  After  deduct- 
ing the  first  two  from  the  0".l,  there  would  seem  to  be 
very  little  left  for  the  almucantar.  Other  observations 
would  seem  to  indicate  that  it  is  more  accurate  than  any 
level  which  cannot  be  reversed.  In  using  it  there  are  no 
tiresome  determinations  of  level  or  collimation.  Time 
determinations  can  be  made  much  faster,  and  I  believe 
reduced  in  a  shorter  time  than  with  the  transit  circle.  A 
subsequent  paper  will  give  some  results  which  have  been 
-  btained. 
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The  computation  for  immersion   has  usually  been  made 

for  the  earliest  hour  in  the  evening  at  which  it  was  possible 
to  see  a  9th  magnitude  star.  The  occultation  could  then  be 
observed  with  the  least  interference  with  other  regular 
work. 

By  means  of  expanded  tables,  in  connection  with  a  graph- 
ical method,  the  computation  for  all  stars  which  may  be 
occulted  during  the  hour  chosen,  may  lie  made  in  about 
fifteen  minutes.* 

If,  however,  an  emersion  is  to  1 bserved  it  is  desii 

to  have  the  prediction  as  exact  as  possible,  which  will 
require  about  ten  minutes  of  additional  labor. 

The  occultations  have  been  observed  with  the  18^-inch 
refractor,  ami  a  power  of  190. 

From  Xew  Moon  to  First  Quarter,  there  is  mi  difficulty  in 
observing  any  DM.  star,  but  near  the  time  of  Full  Moon,  a 
star  smaller  than  the  8th  magnitude  is  difficult  to  see.    But 


•  Vide   Popular  Astri 
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few    emersions  have  been   observed  for  the  reason  that  mj 
work  is  usually  confined  to  the  early  part  of  the  night. 

The  time  has  been  recorded,  either  with  the  printing  or 
recording  chronograph,  and  the  error  of  the  sidereal  clock 
determined  in  the  same  night.  Unless  otherwise  stated 
the  phenomenon  was  instantaneous,  and  was  recorded  with- 
out error. 

The  observation  of  an  emersion,  near  the  time  of  Full 
Moon,  when  the  dark  limb  is  not  visible,  is  difficult,  ami 
unless  the  eye  is  directed  to  the  exact  spot  where  the  star 
should  appear,  the  observation  will  be  recorded  too  late  bv 
an  unknown  quantity. 

With  a  single  exception,  which  is  indicated,  all  the  ob- 
servations have  been  made  at  the  dark  limb  of  the  Moon. 

The  Standard  Time  is  that  of  the  90th  meridian,  or  6'' 
slow  by  Greenwich  M.T. 

In  the  table  of  observations  — 

D   =   disappearance — Immersion. 
R   =   reappearance   —  Emersion. 
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No. 

Date 

Name 

Mag. 

Phase 

Sidereal  'rim.' 

Standard  Time 

Remarks 

1807 

h       in       s 

h       m      a 

1 

Aug.     9 

^  Sagittarii 

."..4 

D 

17  30  23.9 

8  11    18.9 

Ii-. 2  late 

2 

9 

" 

i; 

is  41'  52.9 

9  IS     7.1 

2~  late  probably 

:; 

Aug.  10 

SUM.       20  5272 

7 

D 

18  48  23.5 

0   10  40.8 

4 

11 

S.DM.  -17°6T93 

7 

D 

17     :;  24.1 

7  :;i     2.7 

5 

11' 

S.DM.  -11°5756 

6.8 

D 

21    11   31.5 

11  :;i  33.6 

0 

1  1 

A  Piscium 

4.5 

D 

21    13     1.6 

11   28  ll.o 

7 

Sept.    2 

A.W.E.  12146  X 

7 

D 

is  -mi     9.7 

7  51     0.8 

8 

2 

A.W.E.  121  10  s 

7 

D 

IX  .",1      8.0 

7  7.1   59.0 

9 

•_' 

B.A.C.  521  1 

7 

D 

10  21   42.8 

s  22  28.7 

10 

7 

S.DM        18°5805 

6 

D 

•jo  56  54.9 

'.i  :;:  15.7 

11 

8 

S.DM.  _13°6008 

6.5 

D 

20     2     5.4 

8  39     9.3 

li- 

8 

S.DM.       13  6012 

7.5 

D 

20  4r.  43.0 

0  22  39.8 

13 

17 

DM.       +26°797 

8.3 

R 

3  33  40.2 

15  :;i     6.9 

14 

17 

DM.      +26  796 

7 

R 

3  46  46.1 

15  47   10.7 

05.5  late 

15 

(ici.      :; 

53  Sagittarii 

7 

D 

10  41  54.3 

o   lii   13.8 

10 

3 

" 

7 

i; 

21       1    10.lt 

7  59  52.5 

L''  late 

17 

3 

B.A.C.  6727 

0 

D 

lo  51    lo.o 

o  :,ii  36.9 

is 

3 

" 

R 

21      0    18.0 

8     7  53.2 

1-  late 

10 

5 

s.DM.       1  l°6039 

o..-. 

D 

21    11  36.5 

s     2   19.5 

1"  late 

2(1 

."> 

S.DM.    _  II  6047 

6.5 

D 

21  31  20.:; 

8   22     6.1 

21 

o 

B.A.C.  7771 

0 

D 

10   20    11.0 

o  13  4.V:; 

22 

30 

A.W.E.  L5265 

7 

D 

20    LO   10.7 

.->   22   .-,2.ii 

23 

30 

^    Si  i',t hi rii 

5.6 

I) 

22  54     :;.7 

8      6    12.2 

24 

Nov.     2 

sj>\|        L0°5830 

s.s 

D 

22  10  38.6 

7   11     6.5 

25 

6 

DM.      +11  152 

8.3 

D 

l'l'    lo  ;;:;.  | 

ii  55   17.7 

26 

Dec.      1 

Schj.  9691 

7.7 

D 

:;  32  33.6 

in  38     7  3 

27 

.'< 

26     Irirtis 

6 

D 

o      0    10.1 

7     ii   12.7 

0  .2  late 

28 

25 

I:  \  c.  70.-.:; 

9.5' 

D 

o  25  50.4 

:,  .",7  32.8 

29 

25 

.,  ( 'apricorni 

6.2 

l> 

o  26   12.:; 

5  58  2  i  o 

60 
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V 

Date 

Nam, 

Mag 

Phase 

Sidereal  Time 

Standard  Time 

Remarks 

1897 

h        Ml         s 

li        in      s 

30 

Dec.   26 

Srhj.  8679 

7.:: 

D 

ii  30    19.4 

7,  58  :;r».  1 

31 

26 

S.DM        II  6029 

9 

I) 

n    11  38.1 

c,     ;t  22.0 

32 

"7 

0  Aquarii 

4.4 

D 

23  Ht  31.3 

7,     1  29.3 

:;:: 

27 

.. 

R 

it  lit  52.1 

7,   l.",    13.7 

1-  laic  probablj 

34 

27 

W.B.  XXII.  223 

8.6 

1) 

it  30  32.0 

7.  54  21.8 

:;:, 

27 

B.A.C   7804 

7 

1> 

3  13   is. 7 

s  36  41.it 

36 

29 

DM.  +3°4905 

8.8 

1) 

1   13  38.0 

6  29  29.0 

.;: 

29 

" 

10 

It 

1    is  56.3 

o  34  46.4 

38 

29 

DM.  f.;  1906 

it 

D 

1   22     1.7. 

G  ."7  51.1 

39 

29 

DM.  +3°4913 

8.8 

D 

.",   17,  :;7.1 

9     1     .",.1 

in 

lit 

DM.  +3  'litis 

8.7 

]) 

i    7  35.6 

it  22  58.0 

11 

ISM 

•  Ian.       t 

W.B.  IV.  868 

S.4 

D 

ii   16  50.0 

7,  ."!)     9.9 

11 

7' 

125  7'»„/7 

G 

]) 

0     8     1.1 

1   :<i\  31.4 

13 

IV, 

DM.  +6  1- 

9 

D 

4     1'  7,7. it 

7  28   17,. 7 

11 

26 

15  Piscium 

7 

]) 

4  10  L'C.  I 

7  ",.-,  42.8 

ir. 

26 

DM     '     ti  1  1 

9.2 

D 

4  11    29.9 

7  36    16.2 

16 

29 

DM.  +20  162 

8.2 

I) 

2    11'    17.7 

7,  :,r,  30.8 

17 

Feb.      2 

DM.  +25  1215 

7.8 

D 

4   27      7.1' 

7  24    lit. 7, 

Moisture  in  eye-piece.     Star  faint.     R ji<I 

IS 

.", 

W.B.  VII.  171' 

7.s 

D 

7,  :;•_'  43.5 

s  26  19.2 

possibly  laic 

19 

."> 

W.B.  VII.  179 

8.3 

I) 

7,    IS    I'll.  | 

s    11   53.5 

:,n 

5 

os  ( 'ancr-i 

4 

D 

6  45     2.5 

9  30  34.5 

7,1 

23 

ic.7 

8.2 

D 

1    7,0   .",1.7, 

G  25  38.9 

Double  star,     p  =  7°.0  ,  s  =  1".S6.      Mai;. 

52 

24 

DM.  -1-15  250 

8.S 

D 

7,  7,1    19.8 

7  22  1S.4 

8.2-9.     Companion  about  1   later 

.->:; 

'J  I 

DM.  +  15°251 

7.S 

D 

7,  7,1  53.8 

7  25  51.8 

54 

25 

26  Ar'u  tis 

6.5 

1) 

7,     7     8.0 

G  34   17.ii 

55 

25 

DM.    r-19  372 

9.1 

D 

7  I'd  33.0 

S  47  21.0 

7,0 

26 

DM.  +  22°475 

8 

D 

7,     7,   16.0 

6  29     0.2 

7,7 

26 

DM.  +22   179 

8.1 

D 

6     ."    14.2 

7  26    is.ii 

58 

Alar.      1' 

DM.   +  24°1  17,7 

7.5 

D 

7    16  18.8 

s  23  1'S.o 

59 

.'I 

DM.  +21  1679 

7.7> 

D 

i;  29  28.5 

7  32    19.4 

Star  suddenly  diminished  to  one-half  bright- 

60 

o 

DM.  +21   L680 

8 

D 

7  4."  40.4 

s  40    19.2 

ness  before  disappearance.   This  is  a  very 

61  • 

28 

DM.  +  25°918 

8.4 

D 

7   ",7     0.2 

7      1    7,i'.  1 

close  double  =  Ho  247.   IS87.22  />  =  101  \3 

s  =n". :',!',  (7"  .",  •-"  |. 

62 

28 

DM.  +25°919 

it..", 

D 

7  ."it     3.6 

7     .",  7,7,.  1 

63 

28 

2  776 

8.1 

D 

s  ;;;,  it,.:; 

s     o     7.!t 

IS69.0-1  p  =  102°.5  .  s  =  2".20(SM.l  9")  J4" 

64 

28 

•• 

9 

I) 

s  35  31.2 

s     o   L3.9 

65 

28 

DM.  +25°940 

6.8 

D 

s  7,1  52.3 

s    10  32.2 

66 

28 

DM.  +25°941 

S 

D 

s  7,7   Kt.l 

s  I'l    19.5 

67 

29 

DM.  +24°1310 

9.3 

D 

7    16  35.6 

.    7     7  30.3 

68 

1".' 

9.6 

1) 

7  7,0  4G.il 

7   11    lo.il 

69 

29 

DM.   +-24  1311 

9.4 

1) 

7  58  33.5 

7    19  26  3 

7u 

l".i 

DM.  +24  L315 

9.1 

1) 

s     7,  39.5 

7  1'G  .",1.1 

71 

29 

DM.    MM  L316 

it 

1) 

8     8  52.0 

7  29  4;;.i 

71' 

I'll 

9.5 

It 

s  11   1S.4 

7  35     s.O 

7;; 

30 

DM.    +22  1678 

9.2 

D 

7  43  19.4 

7     0  18.7 

71 

30 

DM.  4  22  L679 

9.3 

It 

s     7,  30.3 

7  I'l'  1'G.o 

77, 

30 

DM.   f22  L680 

it.:; 

D 

s   1  1   35.0 

7  1'S  29.7 

76 

30 

DM.   +-22  L683 

9.3 

I) 

s   14  45.4 

7  ."1  39.6 

77 

30 

DM.  +22  L687 

7 

1) 

it     1'  7,0.7 

s   lit  ",7.o 

Moved  telescope  in  I;.  A.  \:rr.  prob.  0".5 late 

78 

31 

DM.  +19°1963 

7.G 

I) 

7    !."    13.7 

G  7,0   17.1 

Doublestar  =  Ho524.  /<  =  34:;3.7,  s  =  3".S8 

7ii 

A.pr.     1 

DM.  +1  l°2033 

7.7 

It 

lo     s  52.4 

it   17  36.1 

(S*-ll») 

80 

2 

1  ii  Sextantis 

6 

1" 

lo  is     7,.l 

it  32  7,o.o 

si 

:i 

w  B   x.  665 

7.5 

l> 

lit  7,o  22.4 

9   7,1      7.7, 

82 

7 

S.DM.  -  L8°3766 

7.S 

R 

lo  53  1G.S 

9  38  17.S 

O'.o  laic 

83 

25 

DM.  +24°1188 

it 

It 

lit    :;  58.8 

7  38  21.5 

SI 

25 

9.5 

I) 

lo  1G   12.8 

7  7.1     :;.  1 

85 

25 

DM.  +24°1190 

9.5 

D 

111   I'l      G.7 

7  :,r,  26.6 

86 

25 

DM.  +24°1191 

9.5 

I) 

10  32  20.3 

s     o  38.3 

87 

I'.". 

10 

It 

lo  :;:,  is.:; 

8     9  .",.-,.;» 

88 

25 

it..", 

It 

lit  36  32.8 

S    10    7,0.1' 

89 

25 

DM.    1  2  11 194 

9.5 

D 

lo  :;7  22.8 

8  11  40.0 

*  Disappeared   slowly, 
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No. 

Date 

Name 

Mag. 

Phase 

Sidereal  Time 

Standard  Time 

Remarks 

90 

1898 

Apr.   25 

DM.  +  241197 

9.3 

D 

10  39  19.9 

s"  13m369.8 

Gradual  disappearance.     Possiblj  double 

91 

26 

DM.  +  _'L'D1 597 

9.5 

D 

10  34  .-.4.5 

8     5  16.2 

92 

26 

DM.  +  221596 

S 

D 

in   42  36.5 

8   12  57.0 

93 

26 

DM.  +  221599 

9.5 

D 

11     2  46.4 

S  33     3.6 

94 

26 

2  1  OS.", 

7.8 

I) 

11  52      1.7 

9  22   10.8 

Doublestar.  j.  =  41°4  ,  s  =  8".41  (7".S-7M.8) 

95 

26 

" 

7.8 

D 

11  52     6.0 

9  22   15.1 

1866.68  JO" 

96 

29 

DM.  +  11°2064 

7.7 

D 

11  23  53.6 

8  42  19.6 

97 

30 

DM.  4-   6°2301 

6.7 

D 

11  11   14.9 

8  25  47.o 

98 

May    23 

DM.   +23°]  533 

9 

D 

12     8  25.8 

7  52  22.6 

99 

23 

DM.  +l'i'°1512 

9 

D 

12  12     7.6 

7  56     3.8 

100 

23 

DM.  +  231535 

9.4 

1) 

12   17    13.0 

8     1   38.3 

101 

24 

DM.  +20°1889 

7.5 

D 

12  lo  52.2 

7   50   7.2.7 

102 

24 

79  Geminorum 

6.3 

I) 

12   12  11.8 

S  22     7.2 

103 

24 

DM.  +201895 

9.5 

D 

12   16     5.6 

8  26     0.3 

104 

24 

DM.  +201897 

9.5 

D 

13     2     8.2 

S  42     0.3 

105 

25 

DM.  +161752 

9.4 

D 

L2  25  49.4 

S     1   51,6 

106 

25 

DM.  +171867 

9.3 

D 

12  45     4.1 

8  21     3.1 

107 

26 

DM.  +12°2021 

S.5 

D 

13  28  23.4 

9     0   l'.i.l 

108 

26 

DM.   +12°2022 

9 

D 

13  34  39.6 

9     6  34.6 

109 

30 

S.DM.   -    8  3355 

9.5 

D 

L3   L2  S4.1 

8  28   19.0 

110 

30 

S.DM.   -    8  3356 

9.1 

D 

13  27     6.8 

s    IS    10.4 

111 

.June    1 

S.DM.       L9°3846 

7.r, 

D 

13  lo     si- 

8 18  31.7 

112 

23 

DM.  +   9°2256 

9.2 

D 

ll  36  ■■■r,:.) 

8  18   L5.6 

113 

23 

DM.  +   9°2257 

9.2 

D 

1  1  39  41.4 

8  21    20. 2 

114 

25 

DM.  -    1°2521 

7.2 

D 

15  16  31.1 

S  50   12.0 

115 

25 

DM.  <  JompanioD 

10 

D 

15  14    Is  : 

8    Is  29.9 

110 

27 

S.DM.    -12°3735 

9.3 

D 

45     5  56.3 

8  31  47.1 

117 

27 

S.DM.    -12°3736 

9.4 

D 

15  12   18.1 

8  38     7.9 

US 

27 

S.DM.    -  L2  3738 

8.9 

D 

15  29  26.0 

8  .V.   L3.0 

11 '.i 

28 

S.DM.   -17°3958 

8.5 

D 

15   10     7.6 

8  32     1.8 

120 

28 

S.DM     -17°3961 

8 

D 

15  56  S7.o 

9  is  23.6 

12] 

30 

a  Scorpii 

1 

1) 

44  32  22.0 

7    16  30.6 

1898.49   u  =271  .9  .  s  =3*.13  (l"-8«)  Ho4» 

j  ■>■> 

30 

< lompanion 

8 

D 

14  32   17.2 

7    10  25.8 

123 

30 

3  Scorpii 

6.7 

D 

14  55     2.2 

8     9     7.1 

124 

July  23 

S.DM.  -   5°3395 

9.3 

D 

16  35  28.8 

8   is  51.2 

125 

23 

S.DM.  -   5°3397 

9.1 

D 

16  50     3.7 

s  33  '23.7 

Faint  ±08.5 

126 

25 

S.DM.   -15°3704 

9.3 

D 

16  24    16.7 

7  59  49.2 

127 

25 

S.DM..  -15°3705 

T.s 

1) 

10   38    19.9 

8   1  1  20.0 

128 

26 

S.DM.  -i'u  in  1.". 

7.S 

D 

16  14  21.0 

7  47,  59.2 

il-. -j  late 

11".  t 

26 

S.DM.  -201047 

7.9 

D 

16  50  47.6 

8  22   19.8 

130 

27 

A..W.E.  1 L920 

7 

1) 

46   11     6.9 

7  38    19.7 

LSI 

30 

B.AC.  6369 

6 

D 

16  28  30.1 

7  44   22.3 

132 

Sept.  20 

AW.E.  12292 

7 

D 

19  37   L6.5 

7  28   lo.O 

0».2  late 

133 

Nov.  26 

D.M.     +21147 

6.8 

1) 

0    is    12.8 

8    15    19.9 

134 

1>(V.      15 

S  DM.  -19°5721 

7 

D 

23  47  14.7 

7.  59  19.6 

135 

17 

S.DM.  -   9°5884 

8.3 

D 

23     3  26.04 

5     7  46.3 

LS6 

17 

S.DM.  -   9°5900 

9.5 

D 

0  31   23.5 

6  35  29.3 

137 

18 

S.DM.  -  3"5521 

7.S 

D 

23     3  10.3 

:.     3  34.6 

Clock  error  uncertain  fc0s.o.     Clouded 

138 

22 

DM.      +17°339 

7.:; 

1> 

2  35  33.0 

S  19  38.9 

139 

1899 

Jan.    15 

k  Pisciurn 

D 

2     6  39.7 

6   16  28.5 

140 

15 

North  3' 

9.5 

D 

2     0  34.4 

6   10  24.1 

141 

15 

DM.  +   0°4997 

8.9 

D 

2  21     8.7 

6  30  .-,.-,.1 

142 

16 

DM.  +  6°21 

S.7 

D 

2  38  58.6 

6    II    16.2 

143 

18 

DM.  +16°235 

9.2 

1) 

4   14   .-.0.7 

8   12  S0.7 

1  11 

19 

DM.  +19132 

6.8 

D 

3  20   is. 9 

7  14  36.9 

145 

24 

DM.  +211566 

8.5 

D 

s  :;■:,    1.7 

7     7    L3.2 

146 

24 

DM.  +211574 

8.6 

D 

.">     2     2.2 

8  35  59.1 

147 

27 

oLeonis 

3.8 

D 

1   52  20.7 

8  14  37.4 

Bright  limb 

1  IS 

Feb.      12 

DM.  +31908 

8.8 

D 

3  48  25.2 

6      7   7.4.9 

149 

12 

DM.  +31909 

7.2 

D 

4     3  50.6 

6  23   14.7 

star  disappeared  gradually.    Possibly  double. 
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N°-4S8 


No. 

V.lin 

Mag. 

Sidereal  Time 

Standard  Time 

Remarks 

1  .-,1  1 

Feb.    17. 

DM.    H9°394 

7.7. 

D 

1,1        s 

6   19      I  . 

s"  If,'"  I.V.I 

I.-.  I 

is 

DM.    Ml  816 

D 

6     8   17.ii 

s     ;;   I7,,i 

152 

20 

DM.    1  22  155S 

7 

D 

1    51      6.6 

c,   ll  :.:,:j 

0'.2  hilr 

L53 

Mar.    I:; 

DM.    t  11  16  1 

9 

D 

6    17   10.9 

7   li    6.9 

17. 1 

19 

DM.   r-22  1  17;; 

7.1' 

D 

7    II  30.9 

7    15    11.0 

1 55 

22 

DM.    'li  1991 

s.7 

D 

s     7,  30.1 

7    7.1    7.0.1 

[56 

23 

DM.  -:    8  2296 

s.7 

D 

S   7,7      S.7 

8    11  24.4 

157 

Apr.    14 

DM.    •  23  961 

8.9 

D 

Ki  30  56.5 

s    19  26.8 

1 58 

1  1 

3 

in 

D 

lo  31   59.2 

s  7,o  i".i. 4 

159 

15 

I'M.    '  -J-  L352 

7.5 

D 

lo    13  24.9 

S  57   57.3 

160 

ir> 

DM.    f-20°1769 

H 

D 

9  5o  .V.i. 7 

S      1     IIS 

161 

L6 

DM.  +20°1770 

8.2 

D 

lo   17  7.1.1 

s  is  34.8 

L62 

17 

DM.  +171771 

9 

D 

;i  30  34.6 

7  37   27.1 

L63 

17 

DM.    t  17  1  7 7 < ; 

8.5 

D 

lo  11   ls.o 

s    l'.l      I'.O 

I  >••  1 

17 

DM      -17   I77S 

7 

D 

lo  :;7  40.4 

s    n  21.9 

16.-. 

19 

DM.    h    9  2226 

7.7. 

D 

9  39     8.3 

L66 

June  li' 

DM      |-12°1779 

'.1.1' 

D 

13  38   14.3 

s      1   45.1 

167 

13 

DM.   +    7  lior, 

8.3 

D 

13  32  36.0 

S    7,1     Il.'.l 

L68 

16 

-  DM         6  3518 

6.4 

D 

17,    IC    1.",.'.) 

'.i  ■-:<;  15.2 

L69 

July    17 

S.DM.      il    1065 

6 

]) 

17  -J'J  29.3 

:i  30  16.5 

17ii 

L9 

A.W.K.  [3222 

'.1 

D 

17      7    16.6 

9     7   14.5 

171 

Ulg     17. 

A.W.I':.  12850 

7 

D 

17  I'l  33.4 

7  35  L9.5 

171 

15 

South  '■'<' 

9 

D 

17   14   7.7.1 

7  is  44.2 

1  7.-. 

15 

LW.E.  12875 

7.5 

D 

is  19  30.6 

s  :;:;    7.2 

171 

17 

ttarii 

5 

1) 

17   is    13.5 

7  i'l  38.2 

175 

19 

s.DM.     -15°5848 

6 

1) 

is  i'l   31.7 

8  19  24.3 

L76 

- 

A.W.K.  144431 

7.S 

]) 

is    io  34.2 

7     o     6.0 

177 

13 

P  =  95 

9 

]> 

18  21'  41.3 

6    11   L6.0 

178 

L3 

A.W.K.  1  1141 

8 

D 

I'.)   11  39.2 

7   .",1     5.S 

17;  • 

17. 

S.DM        17. ',"11 

7 

D 

lo     5  31.5 

s  ic,  57.6 

flock  error  uncertain  ±08.5.     Clouded 

L80 

Oct.      s 

A..W.E.  \-jr,-jr, 

9 

D 

19  30  7.S.5 

6  11'     1.1 

1S1 

s 

10 

D 

19  25  51.9 

6     6  58.6 

L82 

11 

S.DM.       L8°5615 

s.s 

J) 

io  36  42.2 

7     1   53.6 

is:; 

I'l 

t  Tauri 

4.4 

i; 

10    If,       0.0 

( chronograph  failed  to  record.     Reappeared 

L84 

23 

A..G.Berlin  2441 

8.6 

D 

0    l'.l    1S.6 

lo     o  38.6 

first  as  9M.   ('lose  double.  />=n.p.  ,  s=0".15 

L85 

No 

A.W.K.  L3771 

8 

D 

io  7,o     8.2 

5   36   7,'.I.S 

I,,  ii".  t  (4«.4  9M)     Vide  .I../.474 

L86 

ID 

B.  \  C.  L970 

6.5 

i; 

1      7    13.6 

'.)      1    1C..1 

L87 

1  »ec.     7 

S.DM.  -11  '5618 

9.1 

D 

1.",   17,   lo.7. 

7,  59  45.0 

188 

7 

S.DM.  -11  '5619 

s.7 

I) 

23  1".'     7.8 

6   13    lo.l 

ii \m,,\>  Observed   During    che  Total   Eclipse  ok   im:   Moon.   Dk<  .  27,  Inks. 


Name 

Mag. 

Phase 

Sidereal  Time 

Standard  Time 

Remarks 

79    Pulkowa 
DM.    r-22°l  102 
DM.    r  23  1  125 
North  prec.    t-22  L410 

DM.    1  -^  1  lid 

9.4 
9.4 

7.1 
9.4 

7.7 

h         Ml          s 

D           0      1      7.7. 
D           0     5    11.C 
D         0   lo  36.4 
D         0  20  32.7 
D         0  21     9.6 

ii     in 
7.   28   7.S.7 
5  30     l.c 
5  35  26.5 
5   15  21.2 
5    15  5s.o 

Disappeared  slowlj 

rvations  were  discontinued  to  make  photo   L'aphs  of 
the  eel 

The  actinism  or  photographic  power  of  the  eclipsed 
be  ri  '„,,,,  thai  of  the  uneclipsed  moon. 
3  ed  27. 


As  the  light  of  the  eclipsed   moon  is  always  colored,  it 
ious  thai  us  actinism  or  photographic  power  will  de- 

ki ml    ol    plate    em  pl<>\  ed  ;    and    possibly  on    its 

manipulation  previous  to  development,  owing  to  the  effect 
of  preliminary  or  supplenlentarj  exposure. 
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PILAR-MICROMBTEK    OBSERVATIONS    OF    ASTEROIDS, 

MADE    WITH    THE    12-INCH    EQUATORIAL    OF    I'll  K    DETROIT    OBSERVATOItY,    A  \  \     \  l;  1  ;■  >  l: .    MICH., 

By  SIDNEY    D.  TOWNLEY. 


o 

1S97  Ann 

Arbor  M.T. 

* 

No. 

Planet —  >fc 

Planet's  Apparent 

log 

p& 

Ja 

J8 

a 

8 

for  a 

for  8    " 

137 

July  21 

1(1 

52 

37S 

1 

12 

8 

-0 

30*89 

-2     1.5 

i 
19 

57 

56*96 

+    2 

10  37.4 

«9.085 

0.754 

137 

22 

9 

53 

25 

1 

Ki 

8 

-1 

12.42 

-4  42.5 

19 

."'7 

15.44 

+   2 

7  56.5 

»o.:;;;s 

0.756 

137 

23 

11 

1 

22 

2 

12 

8 

-0 

39.90 

+  1    27.7 

19 

56 

30.43 

+   2 

1   46.1 

»8.945 

0.755 

200 

29 

11 

11 

23 

4 

10 

8 

+  0 

46.18 

-0     7.1 

20 

41 

2.54 

-21 

53  11.9 

&9.067 

0.895 

200 

30 

12 

2 

41 

4 

12 

Id 

-0 

L4.34 

-1   23.0 

20 

40 

2.03 

-21 

54   27.9 

»7.283 

0.900 

200 

31 

11 

8 

32 

4 

8 

7 

-1 

10.51 

-2  30.7 

L'ii 

39 

5.86 

-21 

55  35.6 

,,0.01  1 

0.897 

200 

Aug.     1 

12 

9 

28 

6 

10 

in 

-II 

35.72 

+  1   38.3 

20 

38 

3.53 

-21 

56  43.2 

8.509 

0.899 

79 

Julv  30 

13 

(t 

38 

5 

10 

8 

+  0 

53.81 

-1   24.4 

20 

24 

32.32 

-11 

17  34.:; 

9.143 

0.847 

79 

Aug.     1 

13 

6 

35 

7 

10 

Ki 

-0 

26.74 

+  0  11.1 

20 

•  ».) 

35.55 

-11 

25  23.5 

9.225 

".si:, 

79 

6 

11 

30 

13 

8 

10 

10 

-1 

L1.34 

+  4     9.9 

20 

17 

53.87 

-11 

45  31.2 

8.500 

0.853 

194 

-7 

11 

L5 

53 

9 

12 

Ki 

+  0 

5.93 

+  1  16.8 

22 

27 

IS. 07 

-   6 

58  13.0 

„s.o:;i 

0.823 

194 

30 

11 

27 

25 

Ki 

10 

s 

+  0 

57.32 

-0  27.1 

oo 

25 

40.00 

_    7 

55  42.3 

,,S.57S 

0.830 

194 

Sept.  14 

10 

29 

.'>;"> 

11 

8 

6 

-1 

30.21 

+  0  14.0 

22 

18 

36.48 

-12 

25  16.1 

»8.350 

U.S.-,  7 

115 

Oct.      2 

13 

16 

31 

12 

10 

8 

-0 

12.79 

+  1     7.:; 

0 

25 

31.21 

+  25 

37   26.0 

9.31  1 

0.442 

1  15 

4 

11 

22 

34 

13 

10 

8 

-0 

L4.53 

-3  17.4 

0 

23 

1.62 

+25 

30   17.4 

ii  7.020 

0.401 

1 

Dec.   27 

Id 

15 

9 

14 

8 

6 

-1 

12.47 

+  1   35.8 

6 

L'o 

57.7  1 

+  27 

13  34.0 

„o.:;i:; 

0.392 

1 

28 

9 

47 

40 

15 

10 

8 

-0 

29.93 

+  2  56.4 

6 

10 

55.68 

+  27 

17   53.0 

»9.396 

0.414 

1 

32 

9 

lit 

44 

16 

10 

10 

-0 

10.15 

+2  34.3 

<; 

15 

44.89 

+  2S 

1    1  1  1 

„0,IIS 

0.428 

Mean   Places /or  1897.0  of  Comparison- Stars. 


Ked.  to 
app.  place 


Red.  to 
app.  place 


lo  58  23.96 

10  57     6.42 

10  59    13.09 

20  4o   11.70 


5 

20 

23  34.23 

6 

l'ii 

38  34.66 

7 

20 

22  58.00 

8 

20 

10       OSS 

9 

22 

27     8.73 

10 

•  >•> 

24  38.34 

11 

22 

20     2.22 

12 

0 

25  39.54 

13 

0 

23  11.68 

14 

(i 

22     3.75 

15 

6 

20  19.14 

16 

6 

16  18.54 

I  +3.89 

j  +3.90 

+3.91 

+3.92 

(  +1..-.7 
I-  1,58 

(  +4.58 
+  4.2S 
+  4.59 
I  1.20 
+  4.33 
+  4.31 
+  1.34 
+  4.47 
+  4.4<i 
+  4.47 
+  6.46 
+  6.47 
+  6.50 


+   2   12  31.1 

+   2     3   lo.:; 


-21  53 

-11  16 

-  21  58 
-11  25 
-11  49 

-  6  59 

-  7  55 
-12  25 
+  25  35 
+25  33 
+  27  41 
+  27  44 
+  28 


20. 8 
33.7 
45.8 
52.0 
52.6 
37.9 
52. 1 
49.7 
35.3 
57.8 


2     8.2 


<  +    7.8 

1   +    7.0 

+   8.1 

+    S.4 

(  +12.5 

■    +12.4 

(  +12.4 

+  10.9 

+  12.2 

+  10.0 

+  1O.0 

+  22.S 

+  22.7 

+22.3 

+  29.0 

+  20.5 

+    0.4 

+    0.9 

+    1.6 


Authority 


rV(7  A. (i.e.  Alb.  6962  +  Weisse  13.  1  H6 

[+4  Munich,  22791 -f  3  Schj.  777.". , 
DM.   f-l°4182.    Micr.  deterrni nation  from  3 
;  (3  \  G.C.  Alb.  6972  +  Weisse  Bessel  1451) 
r'T (3  Greenwich  I860, 1338  + Munich  25873 

[  +  3  C.G.C.  28462  +  2  Cape  1850,  U23 
[+7  Bade.  5587  +  Yavn.3  9268) 
\,  \\  eisse  Hesse]  525+  .Municli,  24646  i 
^(Munich,  25752  +  Oelt.  Arg.  20793) 
|,  Weisse  Bessel510+3  Santin^ 2272) 
^(Munich,  24280  +  Santin^  2260) 
■i  Miin.,:;!  136+Radc.  6044  + Cord. G.C. 30738) 
Munich!  31057  [+3  Sanfcini  2520) 

iiWeisse  B.  372+3  Muu.  30902  +  Rfim.  10191 
Lick  Obs.      Mer.  Circle  observations 
Lick  Obs.     Mer.  Circle  observations 
£(5  A.  G.C.  Camb.  Eng.  3255  +  Weisse  B.  543) 
A. G.C.  Camb.  Eng.  3227 
!,  (  I  A  .G.C.  Camb.  Eng.  3176  +  Weisse  B.  375 1 


July  31.     Observations  interrupted  by  clouds. 

Oct.  2.  'The  record  for  the  position  of  the  asteroid  is.  "  115  north 
preceding,"  but  a  comparison  of  the  reading  of  the  micrometer  and 
the  micrometer  circle  with  those  preceding  and  following.dates,  make  it 
almost  certain  that  the  record  should  have  been  "115  south  preceding." 


All  reductions  to  mean  place  have  been  made  with  the  Struve- 
Peters  constants. 

Positions  of  the  stars  12  and  1:5  were  obtained  through  the  courtesy 
of  Director  Kkki.ei:  and  Professor  TrjOKEi!  of  the  Lick  Observa- 
tory. 
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OBSERVATIONS   OF   THE   STARS    KRUEGER  60    AM)   £1291 

MAD]     \Mlli    rHE    40-INCH    REFRACTOR    01      nil     rERKES    OBSERVATOKT, 

\\\    B.   E.   BARNARD. 


In  the  AstronomicalJournal,  No.  186,  Mr.  Ekic  Doolittle 
calls  attention  n>  a  remarkable  case  of  motion  in  a  small 
star.  This  object  is  the  preceding  component  of  a 
wiiii'  double  noted  by  Krueger  in  his  meridian  observa- 
tions in  IsT.';.  In  measuring  this  list  of  Kruegee  stars  in 
1890,  Mr.  Burnham  found  thai  the  preceding  component 
:    V    60      i     hi  unequal  double. 

Mr.  Doolittle  finds  from  measurements  in  1898  ami 
1900  thai  a  decided  change  has  taken  place  in  tin-  relative 
position  of  these  stars  since  Mr.  Burnham's  measures  fen 
igo.  This  star  i-  likely  to  fie  of  considerable  interest, 
ami  I  have  therefore  made  a  series  of  measures  with  the 
10-inch,  introducing  two  other  smaller  stars  to  more 
thoroughly  explain  hereaftei  the  character  of  the  motion. 

.1  ami  /;.      (01291  i. 


1900.937 

L32.06 

3.30 

9.2 

nt.:. 

.'.Mo 

133.19 

3.25 

9.1 

10.5 

.943 

L33.59 

3.24 

.'.-IS 

1 ::::.:  1 

2.23 

P. .942 

133.39 

3.25 

9.1 

10.5 

.1  and  C.     i  K  i.-i  eger  60 1. 


L900  937 

59.27 

36.87 

9.5 

.940 

59.52 

36.65 

ti.l 

.943 

59.25 

36.67 

.'.Hi' 

59.16 

36.64 

L900.942 

,v.t.:;n 

36.71 

9.4 

I  and   /'. 


1'. .943 

.'.US 


•.'I.:'.-. 

i'ii. si; 


21.25 

•j  I..":; 


1.-..:. 
L5.5 


1900.945  21.it.-.        21.29  15.5 

Williams  Bay,    Wis..  1900  />■  c.   l" 


.1  and  E. 


1:mhi'.:;: 
.'.tilt 
.943 


98.85 
99.06 

ft:  1. 1  »i  i 


68.00 
67.76 

67.73 


1 2.5 
13.0 
13.5 


L  900.940 


HS.'.IT 


67.83 


L3.0 


There    is   a  fainter    star.    lf.V"    by  estimation   from    .1, 
245°  :  17". 

The  following  are  all  the  measures  of  the  principal  stars  : 
A  and   B. 


1890.79  178.8 

1898.45  1  in.? 

l'.tiMi.74  134.0 

1:11111.114  133.4 


2  32 
3.19 
3.18 
3.25 

A  and  C. 


9.0  ,  12.0  l,i  /3 

9.1  .  in..-.  :<i,  Doolittle 

9.1  .11.1  4»  Doolittle 

9.1  .  10.5  Vn  Barnard 


1  s:n  1.7:1 

.-,<;.:; 

26.82 

1898.45 

58.7 

34.39 

1:iimi.7I 

.-.:>. l' 

36.18 

1900.94 

.-.:).:; 

36.71 

9.3  1»  /3 

:».  I  :>n  Doolittle 

9.4  \n  Doolittle 
9.4  In  Laniard 


Mr.  Doolittle  has  shown  that  .1  has  a  proper  motion  of 
0".93  m  the  direction  24T°.9. 

Considering  the  rarity  of  proper  motion  in  small  stars 
like  these,  it  is  improbable  that  J  and  /.'.  so  close  together, 
are  moving  independent  of  each  other  through  space.  It 
would  seem  more  probable  they  are  a  physical  pair.  A  few- 
years,  however,  will  settle  this  point. 

For  some  reason  .!/>',  which  is  really  a  Burnham  star,  is 
omitted  from  the  General  Catalogue  of  his  double  stars 
1  Pub.  Yerkes  Observatory,  Vol.  1,  1900),  but  it  should  cer- 
tainly be  assigned  a  number  and  be  incorporated  in  any 
catalogue  of  his  discoveries,  and  I  would  suggest  /31291 
as  a  designation  for  AB. 
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CHANGES   IN   THE   ANNUAL   ELLIPTICAL   COMPONENT   OF   THE 

POLAR   MOTION, 

By     S .     C .     CHANDLER. 


In  A.J.  446  it  was  shown  that  the  observations  of  1890-97 
make  manifest  progressive  changes  in  the  direction  of  the 
major  axis  of  the  very  eccentric  ellipse  in  which  the  pole 
of  the  earth's  figure  revolves  annually  about  its  mean  po- 
sition, and  in  the  date  when  the  pole  reaches  its  maximum 
distance  from  this  mean  position.  That  is,  by  the  elements 
there  given,  the  ellipse  appears  to  have  turned  in  this  in- 
terval of  seven  years  through  an  angle  of  about  twenty- 
five  degrees,  the  element  <«  having  diminished  from  about 
15  east  to  about  20°  east  of  the  Greenwich  meridian; 
and  the  date  of  maximum  separation  appears  to  have  been 
retarded  by  nearly  a  month,  the  element  L  having  in- 
creased from  7°  to  .'!  I  .  It  was  also  surmised  in  that  article 
that  the  singular  variations  in  this  component  of  the  polar 
motion  betrayed  by  the  observations  between  1830  and 
1890,  discussed  in  A.J.  421',  were  attributable  to  the  same 
phenomenon,  although  it  was  not  then  practicable  \<<  trace 
the  exact  relation  between  them. 

The  subject  is  important,  and  it  is  extremely  desirable 
thai  all  available  evidence  should  1"-  brought  to  light 
and  properly  weighed.  The  present  article  is  directed  to 
this  end,  and  gives  the  discussion  of  all  the  series  of 
observations  that  existing  astronomical  records  prior  to 
L890  provide  for  the  solution  of  the  problem.  The  re- 
sult goes  to  corroborate  the  reality  of  the  changes  above 
spoken  of,  and  indicates  that  the  line  of  upsides  is  revolving 
from  east  to  west,  or  in  a  direction  contrary  to  thai  of 
the  pole  in  its  orbit,  in  a  long  period  of  say  seventy-five 
years,  that  is.  at  a  rate  of  about  five  degrees  annually:  and 
that  the  length  of  the  annual  period  oscillates  about  its 
.mean  value,  the  fluctuations  having  a  Lin-  periodical  char- 
acter, with  a  cycle  of  about  sixty  years. 

Tin'  selection  of  the  data  for  the  investigation  of  this 
problem  is  limited  by  the  condition  requiring  simultaneous 
series  of  observations  of  sufficient  accuracy  made  in  \\  ideh 
different  longitudes.  I  have  accordingly  taken,  for  the 
epoch  1865,  the  Pulkowa  vertical-circle  observations  of 
Polaris  1862  70,  the  Levden  meridian-circle  observations 


of  Polaris  1864-68,  and  the  AVashington  prime-vertical 
observations  of  a  Lyrae  1862-67;  and.  for  the  epoch  18S3, 
the  Pulkowa  prime-vertical  observations  1875-82,  the  Ber- 
lin universal  transit  observations  1884-85,  the  Cambridge 
almucantar  observations  1884-8."),  the  Washington  prime- 
vertical  observations  ISSl'-Sl.  and  the  Madison  meridian- 
circle  observations  1883-90.  This  list,  I  think,  exhausts 
the  suitable  matter  at  hand.  The  process  to  be  followed 
is  to  eliminate  from  each  series  the  effect  of  the  427-day 
term  of  the  latitude-variation,  after  correct  inn  to  a  uniform 
value  of  the  aberration-constant,  and  for  stellar  parallax 
where  possible:  from  the  residuals  to  find  the  constants  of 
the  annual  term  of  the  latitude-variation:  and  finally,  1>\ 
combination  of  these  constants  for  all  the  series  at  each 
epoch  to  compute  the  elements  of  the  ellipse  for  1865  ami 
1883.  First  the  treatment  of  the  several  series  will  be 
described. 

Pulkotva,  Vertical  Circle,  Polaris,  1862-70.  In  m\  de- 
termination ol  the  alienation,  parallax  and  latitude-varia- 
tion from  this  series  I  have  given,  ./../.  293,  p.  35,  in  Table 
III  the  values  //.  which,  being  a  combination  of  simulta- 
neous upper  and  lower  culminations  which  eliminates  the 
aberration  and  parallax,  represents  the  latitude-variation. 
it  —  if 0 .  From  these  values  were  subtracted  the  ll'7-<ia\ 
term  by  eq.  (33),  A.J.  106,  using  the  constants 

Tx  =  2402327  .     0  =  0  .840  .     /■,  =  0".140 

The  residuals  were  then  arran  ed  trj  calendar  dates,  and 
grouped  by  weights,  as  follows: 

I!  /'  II 


Mar.  15 

■  i- 

Apr.  22 
Maj  Id 
duly    2 

l'uttim. 


-0.(  Hi 
-0.10 
-0.02 
-d.04 
+0.17 

I     aim      ; 


15 
28 
30 

L'o 


Sept.  is 

on       7 

23 

Nov.  L'7 


-0.02 
-0.02 
-0.08 
+0.02 


20 
15 

I'M 

IS 


=  0.    in  eq.  (28),  A.J.2S7,  \>.  177.  we 


have  by  eq.  (35) 


X  +  -q  sin  O  +  £  cos  ©  =  n 
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i   we  find  by  least-squares  from    the  above 
with  i 

A'  =-  _0".026,     ,,  =  +0".085,    £  =  -0".060 

whenci  cos  (?',    we  ha\  e 

r3  =  0".104  .     G    =  305  .2 

.  : '  .  /' ■■'■■■!  is,  lsr,  i  68.     The  meridian 

altitudes  of  Polaris  will  be  found  on  pp.  227-231,  Vol.  II 
of  the  Leyden  Annals.     These  were  reduced  to  L866.0,  and 
bions  applied  for  division-errors  and 
flexure,  in  I  it   positions  of  the   instrument,  for 

both  culminations,  and  for  each  circle,  and  reduction  of  the 
.  d  observations  to  the  center  of  the  instrument.     The 
-     1    were    reduced    to   the  aberration 
"'  and  parallax  0".033,  the  combined  correction  being 
T0".060  sin©  TO". 017  cos©  (upper  sign  for  upper  cul- 
minations, lower  for  lower);  and  finally  the   127-day  term 
was  subtracted,  using  the  same  constants  as  for  foregoing 
Then   grouping  and   taking  means  by  weights  we 


Mar.  11 

9 

Sept.  15 

-0.01 

8 

\  |         1  0 

i 

8 

Oct.  15 

-0.09 

11 

1-0.02 

1  1 

Nov.  15 

+  U.(ll 

5 

.1.  MIC  20 

1-0.07 

6 

Dec.  L5 

-0.08 

2 

(living  the  last  group  half-weight,  we  find 

A'  =  -0".007  ,     v  =  +0".047  ,     £  =  +0".030 
,-,  =  0".056      G'  =  237  .8 

II  ishington,    1'  I  Lyrae,    L862-67.       The 

which  1  gave  on  p. 69,  A.J.  249,  were  reduced  to  the 

■  on  20".500  and  parallax  0".O9,  and  for  the  127-day 

term  :  I  "  get 


Jan.  20 

-0.21 

:,(» 

Aug.  11 

(-0.15 

.-,(1 

Mar.    7 

f-0.03 

.Mi 

Sept.  28 

+  (1.17 

50 

- i 

50 

Nov.      1 

—  0.05 

:,ii 

• 

f-0.17 

50 

Dec.    8 

0.18 

50 

1 

hO  L3 

."in 

End, 

A'  =   +0".022  ,     r,  =    +  0".164  ,     f=  -0".052 
/•.,  =      0".172  .   '.■  -  287  .5 

Pulkowa,  Prime  Vertical,  1875  82.     These  observations 
ed  in  A.J.  297,  p.  69,  h  here   I   ha  i 
normal  dilj  and 

rously  app  free!  tons.      Th 

T'  =  2407091.     For  this  investigation  1  propose  to  adopt, 

d   the  following  series  at   thi 
(its  for  t he  127-day  term, 

2407082  •    128  6E,     r    -  0".173 


For  the  1'ulkowa  meridian  this  epoch  is  2407118.  By 
att,  in  ling  to  the  explanations  on  p.  177,  A.J.  287,  it  will  be 
easily  seen  that,  in  this  case,  JT  =  +27;  consequently, 
we  have  y=— 0".0667,  *  =  —  0".1596.  Now  the  nor- 
mal equations  give  us  for  the  several  stars, 


S  ( 'assiop.  Y 

v  l' rs.  Maj. 
i  Draconis 

o  Draconis 

rt  Cassiop.  Z 

v  Irs.  Maj. 
i  Draconis 
o  Draconis 


+  0.0908  -0.0482  y  +0.3268  z 

.1480  +   .0470  +   .0G38 

+   .2416  +   .0525  +    .0892 

+  0.010S  -0.2085  -0.1168 

-0.2420  -n.290.-w/  +0.5301  z 

+   .0004  +    .0290 '  +   .4163 

+   .0071  +    .0497  +   .2447 

-0.1315  +0.0240  +0.O9O.-, 


Substituting  the  above  values  of  ;/  and  z  we  have 

Y  ,'-,  Z  u\, 

6  Cassiop.  +o'048  49.6  -o!.307  20.3 

vUrs.Maj.  -   .161  27.2  -   .008  9.1 

i  Draconis  +   .128  12.0  +   .025  47.8 

o  Draconis  +0.043  14.4  -0.148  49.3 

We  can  reduce  these  to  the  aberration  20".500,  by  put- 
ting it  =  +0".055  in  the  equations,  -q  =  Y  —  qu , 
£  =  Z  —  /hi.     the  values  of  p  and  q  being 

V  •[ 

8  Cassiop.         -0.063         +0.813 
u  Urs.Maj.       -   .245  -    .712 

I    I  lam,,'!*  +    .812  —    .547 

o  Draconis        +0.974  +0.184 

.Making  these  substitutions  above  we  find  for  the  vat  ions 
stars 


S  ( 'assiop. 

+  0.00:; 

19.6 

-0.304 

20.3 

v  I  Vs.  Maj: 

122 

27  2 

-  .055 

9.1 

(  Draconis 

+   .098 

12.0 

—  .020 

17.8 

u  Draconis 

+  0.033 

14.4 

-0.202 

49.3 

So  that,  finally,  for  this  series,  we  have 

v  =  -0".015  .     £  =  -0".UO  ,     r2  =  0".147  .     G1  =  5°.9 

This  process  is  much  more  expeditious,  and  gives  rigor- 
ously the  same  result  that  we  should  get  by  correcting  the 
individual  observations  for  the  427-day  term  and  the  aber- 
ration-reduction. 

Berlin,  Universal  Transit,  1884-85.  The  values  of  the 
latitude  given  by  Kustnek,  A.N.  299.",.  s.  275,  were  reduced 
to  the  aberration  20".500,  and  corrected  for  the  427-day 
term  by  the  constants  given  in  the  foregoing  series. 
Grouped  bj  calendar  dates,  using  weights,  we  have 


sSl     \pr.   13 

(-0.06       1 

lssi  Oct.  20 

+  0.01 

10 

Maj    l" 

+   .14       7 

1885  Apr.     7 

OS 

5 

Lug.  15 

+  0.14     L3 

Maj    1  1 

-0.02 

3 

The  solution  (equal  «  eight  - 1  gives 

r,  =  0".125,      G>  =  289   7 
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Cambridge,  Almucantar,  1884-85.  Since  the  results 
given  in  A.  J.  248  were  printed  I  have  subjected  them  to 
thorough  rediscussion.  The  original  values  were  depend- 
ent upon  the  system  of  declinations  employed  (B.J.).  But 
this  is  itself  affected  by  a  term  depending  on  the  latitude- 
variation,  as  I  have  shown  in  A.J.  296  and  401'.  and  this 
fact  has  since  been  confirmed  at  Berlin.  I  have  therefore 
applied  the  corrections  necessary  to  eliminate  this  term 
from  the  declinations,  given  for  the  33(1  Hauptsterne  in 
A.J.  402,  as  well  as  Auwkks's  corrections  to  the  places, 
given  in  A.N.  3508-9,  and  have  then  recomputed  the  lati- 
tudes. I  have  also  tried  to  improve  the  results  before 
Nov.  8,  1884,  which  were  defective.  The  corrected  values, 
to  be  substituted  for  those  in  A.J.  248,  in  the  table  at  top 
of  col.  2  of  p.  GO,  are  given  below  in  the  column  z/qp  (C  — 0). 
Jv  (C— 0)         « 


June 

19 

+  0.02 

-0.19 

Sept. 

7 

+ 

.24 

-   .32 

Nov. 

14 

+ 

.22 

-   .14 

Dec. 

14 

+ 

.12 

+   .02 

Jan. 

11 

+  0.10 

+  0.07 

J^(C— O) 

" 

Feb.    17 

-0.16 

+  0.32 

Mar.  13 

+   .07 

+   .06 

Apr.  13 

-   .27 

+   .35 

May  21 

-   .47 

+   .45 

June  17 

-0.04 

-0.04 

The  changes  from  the  original  values  are  small,  except 
for  the  first  two,  which  at  best  are  relatively  uncertain, 
and  must  be  given  half  weight  in  the  following  solution. 
Changing  the  signs,  to  represent  Jcp  (O  —  C)  =  </  — <jr0, 
and  subtracting  the  427-day  term  by  the  same  formula  as 
for  the  two  foregoing  series,  we  get  the  column  n.  The 
solution  gives  r„  =  0".278  ,  G'  =  184°.7.  These  results 
are  still  referred  to  Struve's  aberration,  but  it  is  to  be 
noted  that,  from  the  system  of  observation  employed,  the 
effect  of  any  difference  in  the  aberration  is  largely  elimi- 
nated from  the  latitude  results. 

Washington,  Prime  Vertieal,  1882-84.  The  details  of  this 
series  were  published  by  Prof.  S.  J.  Brown  in  A.J.  263-4. 
I  have  made  an  elaborate  discussion  of  the  sixteen  stars  of 
the  list  most  numerously  observed,  by  the  same  methods 
as  for  the  various  Pulkowa  series  in  Vols.  XI  and  XII  of 
the  Journal.  From  this  imprinted  discussion  I  take  the 
final  normal  equations,  after  eliminating  the  427-daj  term 
and  reducing  the  absolute  terms  to  the  aberration  20". 500. 

17.936  ^     +   15.360  £  =    +  0?638 

15.360  >?     + 103.265 £  =    +9.231 
whence      v  =  -0".0161  .      £   =   +0".0918;      which  give 
rt  =  0".093  ,     G<  =  170°. 

Madison,  Meridian  Circle,  1883-90.  These  results  for 
latitude  of  the  Washburn  Observatory  are  given  by  Com- 
stock  iii  Vol.  IV,  parti,  pp.  108-119,  of  the  Annals.  1 
have  first  corrected  the  individual  results  for  the  systematic 
error  of  the  B.J.  declinations  used  depending  on  the  lati- 
tude-variation. The  data  were  then  combined  in  32  groups, 
and  normals  formed  for  the  live  unknowns  of  the  method 


in  A.J.  287.  To  eliminate  the  difference  due  to  difference 
of  declination-zero,  spoken  of  by  Comstock  on  pp.  120-121 
of  the  Annals  cited  above,  the  constant  was  eliminated 
from  each  of  the  portions  1883-85  and  1886-90,  and  the 
elimination-equations  were  then  summed.  The  absolute 
terms  of  the  equations  in  -n  and  £  were  then  reduced  to  the 
values  used  for  the  427-day  term  in  this  investigation  for 
this  epoch,  thus  eliminating  y  and  z.     Thus  we  have 


which  give 


L6.926,; 

2.700  ,, 


+   2.709  £ 
+14.445  £ 


+0.624 

+4.094 


=  178° 


r,  =  _0".009,     £=+0".285,     r2  ==  0".285,     G> 

These  values  are  dependent  on  Struve's  aberration. 
The  labor  of  reducing  to  the  constant  20".500  would  be 
very  great,  hence  I  leave  the  results  as  they  stand.  The 
difference  of  0".055  consequently  remains,  being  distributed 
between  r;  and  £  in  some  unknown  manner. 

For  convenience  I  now  assemble  all  the  above  results  in 
the  first  part  of  the  accompanying  table,  headed  "  Observed 
Constants  of  the  Annual  Term."  The  process  of  deter- 
mining from  these  data  the  elements  of  the  annual  ellipse 
for  the  two  epochs  1865  and  1883  will  be  evident  enough 
from  the  formulas  given  in  the  geometrical  synopsis  of  the 
theory  in  A.J.  406:  but  for  convenience  I  rewrite  here  the 
equations  to  be  employed,  retaining  the  original  numbering, 
but  in  the  order  in  which  they  are  to  be  applied. 


>:,  sin  G'   =    —  //.'  sin  A  +  v'  cos  A 
?■„  cos  6r'   =    +jn    sin  A  —  v  cos  A 


fi   =   m  sin  M 
fj.1  =   in  cos  M 


tan2Z   - 


6  = 


v  =   n  sin  N 
,.'  =    n  cos  N 

m-  sin2]\I+  n*sm2N 
w2cos2v)/  +  n*cos2N 
in  sin  i  L  —  31  i 
n  sin  (L—N) 
in  sin  (  J.  —  .1/  i 

sin  to 
,„  cos  i  L—M  i 


! 

a  sin  (L  —  N)       1 

ens  „.  <) 

tncos(L— N)       ) 

sin  a.  5 


(32) 
(31) 
(16) 

(9) 
(10) 
(12) 


We  can  get  better  than  in  any  other  way.  I  think,  an 
idea  of  the  trustworthiness  of  the  conclusions  to  be  drawn 
from  this  investigation,  by  means  of  the  degree  of  co 
fcencj  between  the  elliptical  elements  deduced  by  combining 
the  series  at  each  epoch,  two  and  two.  In  the  second 
portion  of  the  table,  therefore,  arc  given  the  coordinates 
found  by  eq.  (32)  and  (31 1  for  such  combinations  :  and  in 
the  third  portion  of  the  table  the  elements  found  by 
eq.(16),  (9),  (10)  and  (12).  The  values  denoted  "C 
nation  of  all  "  are  not  the  mean  values  of  the  columns  alm\  e 
them,  but  are  derived  from  a  least-square  solution  oi  the 
auxiliary  constants  fx.',  p.  v'  and  v  for  each  epoch. 
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Observed  Constak  rs  of  A 

\m  \i.  Term. 

G' 

1  .  -.in  G 
1  POI  11    I860 

,     COS  '. 

;. 

sin  /. 

C0SX 

Pulkowa,  1865 

0.104 

::o7,.2 

-0*085 

H0".060 

-30.4 

-0.503 

+  0.80  1 

Leyden,  L866 

0.056 

237.8 

—0.047 

-0.030 

-   4.5 

-0.07S 

+  0.997 

\\  is     ■  fton,  1865 

0.172 

287.5 

-0.164 
Epoch  1883 

*  0.052 

+  77.0 

+  0.974 

+0.225 

iwa,  1879 

0.1  17 

5.9 

+  0.015 

+0.1  n; 

-30.4 

-0.503 

+  0.S0I 

Berlin,  1884 

0.125 

289.7 

-0.117 

+  O.D41' 

-13.4 

-0.233 

+0.972 

bridge,  1884 

0.278 

184.7 

-0.023 

-0.277 

+  71.1 

+  0.946 

+0.325 

Washington,  L883 

0.093 

17o.(» 

+0.016 

-0.092 

+  77.0 

+  0.974 

+  0.225 

Madison,  1887 

0.285 

L78.2 

+0.009 

—0.285 

+89.4 

+  1.000 

+0.010 

Hi'  1  wi,i  i.ai;  ami  l'cn.Ai;  Coordinates  of  the  Majok  Apsides. 


Pulkowa   Washington 
jton 

Combination  of  all 


Epoi  n  1865 

-OIL'S 

+0.033         -0.173 

—0.088 

0.133 

0.194 

14 

20 

+  0.155 

+0.059         -0.059 

+  0.027. 

0.165 

0.064 

21 

15 

+  0.120 


1-0.023 


-0.10; 


-0.016 


0.122 


0.108 


11 


188 


Pulko 
Berlin-Washington 

owa-Washington 
Berlin-*  Jarabridge 
Pulkowa    Ma 

ison 

Combinal  ion 


E 

'och   18S3 

0.025 

-0.293 

+  0.002 

+  0.001 

0.295 

0.002 

277, 

27 

0  042 

-0.099 

-0.110 

-0.020 

0.108 

0.112 

247 

190 

0.011 

-0.118 

+  0.021 

-0.101 

0.118 

0.104 

207. 

283 

0.016 

-0.2S1 

-0.117 

+  0.027. 

0.285 

O.120 

267 

168 

0.009 

-0.2S7, 

+  0.023 

0.000 

0.287. 

0.02:! 

268 

0 

0.009 

-0.285 

-0.118 

+  0.021 

0.285 

0.120 

2(58 

168 

0.00.-, 


0.228 


-0.056 


0.013 


0.07..S 


200 


193 


Pulkowa- Washington 
Leyden- Washington 

<  lombination  of  all 


Pulkowa-Cainbridge 
Berlin-Washington 
Pulkowa   \\  ash 

1  iarabridge 
Pulkowa  Madison 
Berlin-Madison 

( lombination  oi  all 


Elements  of  Ellipse. 
T  L 

Ep I860 


July  14 

1 1 3 

140 

0.47 

0.07. 

July    s 

107 

lo7 

0.34 

0.0s 

July    1 

100 

1 32 

0.33 

0.01 

El 1883 

Apr.     1 

to 

90 

o.7.;i 

0.00 

Jan.  27 

307 

13 

0.27 

0.14 

Mar.  25 

3 

is 

0..-.1 

0.07. 

Mar.  L9 

358 

9  1 

0.57 

0.23 

Mar.  19 

:;7>x 

90 

0.7,7 

0.07, 

Mar.  22 

0 

95 

0.7,7 

0.23 

Mar.  20 


158 


86 


0.45 


0.11 


!  rved  quantities  on  which  t  hese 

elemeii'  rould  lead  1  tolerate  much 

discordances  than  the  n  illy  show,  as  natu- 

ii.le  errors  oi  obsi  Dhe 

harmi"  results  of  the  vai  quite 


surprising  when  the  delicacy  of  the  problem  is  considered. 
—  great   to  be  ascribed  to  mere  coincidence,  and 
I  lined  to  regard  the  mean  elements  for  each  of  these 

epochs  1865  and  1883  as  real  though  rough  approximations 
to  1  he  1  ruth. 
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The  results  of  this  investigation  up  to  this  point  beiug 
so  much  more  definite  than  I  had  dared  to  anticipate,  I 
have  been  tempted  to  pursue  the  matter  further  perhaps 
than  it  can  be  legitimately  followed,  and  to  inquire  whether 
the  most  precise  series  of  observations  prior  to  1860  can 
give  us  any  notion  as  to  the  position  of  the  ellipse  during 
the  first  half  of  the  century.  Upon  examination  this  en- 
deavor is  not  so  hopeless  as  it  may  appear  on  its  face.  At 
any  rate  the  importance  of  the  subject  requires  that  the 
attempt  should  be  made  and  go  for  what  it  is  worth.  No 
apology  is  therefore  made  for  presenting  the  following 
speculation. 

There  are,  of  course,  no  existing  American  series  of  ob- 
servations before  1850  of  sufficient  accuracy  to  furnish  — 
by  comparison  with  such  series  in  Europe  as  Struve's 
prime-vertical,  Peteks's  vertical-circle  and  Pond's  mural- 
circle  work  —  a  complete  solution  of  the  problem,  that  is, 
the  determination  of  all  four  elements  of  the  ellipse.  But 
it  is  to  be  noted  that  observations  in  one  longitude  provide 
two  equations  definitely,  so  that,  if  two  of  the  elements  are 
assumed  as  known,  the  other  two  can  be  found  on  this 
hypothesis.  Now,  it  is  to  be  observed  that  the  evidence  so 
far  seems  to  indicate  that  the  dimensions  of  the  ellipse  are 
not  subject  to  alteration,  as  will  be  seen  in  the  table  given 
further  on.  Whether  this  invariability  is  true  or  not,  how- 
ever, it  is  proposed,  on  the  hypothesis  that  a  and  b  are 
constant,  to  find  the  elements  L  and  w  for  the  epochs  1830 
and  L842  from  the  observed  data  hereafter  discussed. 

The  proper  equations  may  be  found  by  putting  A.  =  0 
in  eq.  (32),  then  by  (31)  above  and  eq.  (6),  A.J.4Q6,  we 
have,  for  this  meridian. 

,-.  sin  G1   =   75  cos  to  sinZ,  —  -  sin  <u  cos  L 
/•.,  cos  G'  =   ,,  cosoi  cos  L  +  -  sin  w  sin  L 

whence  tan (L—G1)   =       tan  <o 

a 

>\    =    7  VOs  cos-  w+62  sin-  cu 

-  -  £-«©? 

where  e  is  the  eccentricity  of  the  ellipse.  Therefore,  if  we 
find  by  observation  the  quantities  /•,  and  G'  for  the  meridian 
of  reference,  the  elements  L  and  w  can  be  computed,  sub- 
ject to  the  ambiguity  of  the  different  roots  of  the  equation 
which  determines  w.  The  selection  of  the  proper  root  is 
governed  by  comparison  with  extraneous  data. 

To  apply  this  method  let  us  first  examine  the  separate 
series  competent  to  furnish  r.:  and  G'. 

Pulkowo,,  Vertical  Circle,  Polaris,  L842-44.  This  series 
is  investigated  in  A.J.287,  p.  L79.     To  eliminate  the   127- 


day  term  from  the  normal  equations  there  given  in  the  first 
column,  we  adopt  the  constants 

2\'  =  2394174,     r,  =  0".09 

These  give  y  =  — 0".059  ,  z  =  — 0".067,  which  being 
substituted  give  the  normals  in  X,  -q  and  £,  as  follows : 

+231.00 X  *  +63.98 v  +  6.06 £  =  +  2".33 
+  63.9.x  A"  +78.66,?  +  18.93  £  =  -  5.46 
+     6.06  A'     +18.93-,,     +152.34£  =    -10.55 

whence 

,  =  -0".083,      £  =  -0".060,     >•,  =  0".102,     G'  =  54° 

These  values  are  independent  of  the  aberration. 

Pulkowa,  Prime  Vertical  1840-  55.  The  discussion  will 
be  found  in  A.J.  296,  the  normals  on  p.  59.  Taking  the 
same  constants  as  above  for  the  427-day  term,  we  find 

y  =  _0".017 ,     z  =  -0".088 

To  reduce  to  the  aberration-constant  20". 500  put 

u  =  +0".05o 

Introducing  these  quantities  into  the  normals  for  y  and 
(.  we  have,  for  the  seven  stars  observed  by  Struve  during 
is  in    12. 

+  69. 190,,      +   3.882  £   =    -1+55 
+  3.882,,     +  56.160£  =    -7. sir, 
whence 

v  =  -0".013  .      4  -  -0".139  .      r,  =  0".139,      G>  =  6° 

Similarly  for  all  the  observations  from  1840-55  we  get 

+  77.628,,     +   3.090  £  =    -1.014 
f    3.090,,     +<',5. 702  C  =    -7.879 
whence 

n  =  -0".008,     £=-0".120,     r2  =  0".120,     G<  =  4° 

Comparing  now  the  values  just  derived  from  Stkuve's 
prime-vertical  and  Peteks's  vertical-circle  observations  we 
have 

n  f  »'., 

Vert.  Circle,  1842-44  -o".083      -0*060      0*102      54° 

Pr. Vert.,  7  stars,  1840-42     -0.013      -0.139      0.139        6 
Pr. Vert.,  all  stars,  1840-55    -0.008       -0.120      0.120        4 

Adopted  -0.045       -0.095      0.105      25 

Introducing  the  adopted  values,  r„  =  0".105  ,  G1  =  25°, 
in  the  foregoing  formulas  we  rind  with  the  mean  dimensions 
of  the  ellipse  found  in  A.J.  446.    a  =  0".275  ,    b  =  0".0S5, 

sine)  =   ±0.68 

The  four  roots  corresponding  to  the  double  sign  of  the 
radical  and  to  the  two  ends  of  the  ellipse  are,  after  refer- 
ring them  to  Greenwich  by  applying  the  longitude  of 
Pulkowa. 

73   .  107J.         253°,         347 
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]'.\  ile  of  eL        •■  ■    hereaftet 

and  to  the  diagram,  it  appears  that. 

all  the  later  observations  indicate, 
the  firs!  and  lasl  roots  maj  be  excluded.  The  other  two  lie 
near  the   tl  ■  ei  tion   bel  iveen  them  is 

at  present  indeterminate.  A  similar  computation,  using 
different  values  for  the  127-day  constants  \<\  =  0".06 , 
Tt'  =  2394161),  i    corn    ponding  roots  158    and 

1  think  we  maj  li  tely  infer  i  rom  i  his  determi 

nation  that  1842  «  lies    somewhere  in  the 

third  quadrant,  and  in  the  table  "l  elements  I  have  placed 
alue  in  the  middle  to  signify  tins,  but  it  is  subject 
to  large  uncertainty  either  way.  The  corresponding  value 
of  L  is  I.  .  with  a  range  of  uncertainty  between  25  and 
1  1.-. 

Pond,  Greenwich  Mural  (  ircles,  1825  36.  These  results 
reduction  of  7176  declinations  from  double-altitudes 
ot  36  stars  are  given  in  A.J.  313,  315.  I  regard  the  con- 
stants of  the  latitude-variation  deduced  from  this  series. 
quality,  continuity  anil  extent,  as  by  all  odds  more 
trustworthy  than  these  furnished  by  any  other  that  we 
possess.  The  constants  of  the  annual  term  which  it  gave 
are 

'••j  '•' 

L825.3   1830.6         0.170  7°6 

1830.7-1836.0         0.155         17.0 

l    i  3e  require  no  correction  for  aberration,  since  I  em- 
the  constant  2O".5O0  in   the  reduction  of  the  obser- 
vations, nor  ate  tbej  dependent  on  the  427-day  term,  since 
two  harmonic   seven-year  cycles,  which 
tted  a  perfect  elimination  in  this  respect. 
The  value  id  /■..  i-  slightly  in  excess  ot  the  assumed  semi- 
axis  hi i  -I  the  ellipse.      We  may  therefore  adopt  at  once, 

330,  a,  =  0°  or  180  .     Also  consequently   L  =  G'  =  15° 
or  L95       Consistently  with  the  data  for  the  othe: 

:    values   as   tin-   only  on  ible   on 

pi  it  hesis  •  I  in-  >t  ion  of  t  he  apside 

I  t   this  hypothesis    should    tut' 

■  he  value.-,    ,,,  —  lso     and     L        1 95     me  the 
alternatives.     The  ambiguitj  cannot  he  removed  independ- 

,  by  t  he   nature  ol    the   ease,  in 
default  i  i  vations  at  this  epoch  in  ot  her 

\      the  ults  tor  the  ;    the  annual 

i)  iii-d  with   the   table   in  A.J.  II1 
ing  the  annual  results  from   1890  to  L897,  and  an 

'.'.  here   [ha  e  results  for  L898  oi  a 

provisional   reduction    oi    tie       ita         en   in  the    Central- 
n  of  1900. 

To  facilitate  a  s1 

I  he  centei  represents  the 


mean  position  of  the  pole  ol  the  earth's  figure.  The  line 
vertically  upward  is  directed  to  Greenwich;  that  at  right 
to  this  corn  pond?  mi  tl,,.  left  i,  .".in  east. and  on 
the  right  to  90  wesl  longitude,  for  each  date  a  line  is 
drawn  from  tie-  center  representing  the  position  id  the 
major  axis  ai   thai   date,  corresponding  to  the  end  ol  the 


ellipse  for  which  a>  is  given  in  the  table.  In  interpreting 
the  diagram  the  conclusions  drawn  must  take  into  account 
the  ambiguity  spoken  of  above  for  the  epochs  1830  and 
1842,  as  to  the  proper  end  of  the  ellipse  to  be  used.  From 
1865  to  1898  there  is  no  such  ambiguity,  and  the  only 
uncertainty  is  that  due  to  error  of  observation. 


T 

L 

w 

a 

6 

L830 

April 

6  :: 

15°:: 

II: 

_ 

- 

1842 

May 

3  :: 

12:: 

225  " 

- 

- 

L865 

July 

1 

1 00 

L32 

li.;;:; 

0.0] 

1883 

Mar. 

I'D 

;  158 

86 

.45 

.11 

is;  m» 

Mar. 

29 

7 

13 

27 

.1:: 

1892 

Apial 

3 

13 

is 

.32 

.08 

1893 

Mar. 

:;i 

;t 

in 

.26 

.119 

1894 

April 

111 

19 

Is 

.26 

.OS 

1895 

Mar. 

29 

7 

:;u 

.30 

.(19 

1896 

April 

l:; 

23 

;;: 

•  >- 

.(17 

L897 

April 

i'.-. 

:;i 

15 

.33 

.11 

1898 

Ma3 

in 

oil 

355 

n  25 

0.05 

The  diagram  has  a  very  fruitful  significance  in  wha 
way  it  is  interpreted.  To  arrive  at  the  correel  interpreta 
tion.  consider  first  the  point-  between  L890  and  L898 
These  show,  aside  from  the  accidental  deviations  of  in- 
dividual years,  a  turning  towards  the  east  in  that  interval 
.  in  to  50°.  The  line  for  1883  accords  with  such  a 
motion  withm  its  greater  degree  of  uncertainty.  That  for 
L865  i<  again  in  sufficient  accord  with  a  general  cont  in  nous 
i.  i  ii  .one  direction.  The  rate  between  1865  and 
1898    i~.   roughly    indicated,   between   4     and    5     annually. 
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The  same  vate  continued  backward  to  1842  would  bring 
the  position  to  the  middle  of  the  third  quadrant,  where  the 
observations  place  it.  This  seems  to  justify  our  exclusion 
of  the  roots  of  the  equation  in  the  first  quadrant.  A  con- 
tinuation of  the  motion  brings  us  back  to  1830,  where 
Pond's  observations  place  it.  From  a  consideration  of  the 
whole  data,  if  we  take  a  period  of  75  years,  which  gives 
an  average  annual  rate  of  4°. 8,  and  take  for  1894  a  value 
of  oi  =  33°  we  find  a  sufficient  consistency  with  all  the 
observed  positions,*  as  follows,  where  the  values  for  1891, 
'94  and  '97  are  the  means  of  1890-92, 1893-95  and  1896-98, 
respectively. 

Value  of  w. 
Observed     Hypothesis 

1830  360°::  340° 

1S42  253::  282 

1860  ISO::  196 

1865  132  172 

1867  1 55::  163 

is::;  L32::  134 

1883               S6  86 

1891                16  47 
1894                39 

1897               16  19 

The  only  wide  discordance  here  is  for  1865.  In  this 
case  the  agreement  of  the  hypothetical  value  (172°)  is  better 
with  that  given  by  the  combination  Pulkowa- Washington 
1 140°)  than  with  that  for  Leyden- Washington  (107°).  The 
Pulkowa  determination  of  the  constants  is  undoubtedly 
more  certain  than  that  for  Leyden,  on  account  of  the 
greater  number  and  better  distribution  of  the  observations, 
and  the  larger  interval  which  they  cover.  Perhaps  it  would 
have  been  better  to  have  assigned  weights,  indeed,  in  the 
combination  of  the  various  determinations  of  the  constants. 
But  this  would  have  brought  in  an  element  of  arbitrary 
judgement  from  which  I  desired  to  be  free  in  a  demonstra- 
tion of  this  kind. 

The  hypothesis,  then,  of  a  revolution  of  the  line  of  ap- 
sides in  a  period  of  about  75  years  seems  to  harmonize  with 
all  the  data  given  by  observation,  and  unless  these  data 
can  be  shown  to  be  illusory  this  hypothesis  seems  to  be  the 
most  natural  way  of  accounting  for  the  phenomena.  Never- 
theless it  is  to  be  observed  that  there  is  another  hypothesis 
which  numerically  will  answer,  namely,  the  one  suggested 
on  p.  108,  A.J.  446,  of  an  oscillatory  motion  of  the  apsides 
through   a  large  angle.     The  reason    for  this   alternative 


*In  this  table  I  have  substituted  for  1842,  a-  can  now  legitimately 
be  done,  the  third  root  of  p.  69  ;  and  have  added  the  following  values, 
found  by  that  method  since  the  above  paper  was  written,  from 
Nyres's  vertical-circle  observations,  1S71-75,  and  by  the  Greenwich 
Reflex  Zenith-Tube,  1857-63  and  1864-70. 


1860  0.160  32:! 
L867  0.134  313 
1S73        0.058         297 


143 
53 
61 


180 

1  .">."> 
132 


possibility  is  that  the  equations  which  determine  L  by 
means  of  the  tangent,  permit  two  values  differing  180°, 
corresponding  to  the  two  ends  of  the  ellipse.  The  observa- 
tions cannot  distinguish  between  the  two.  The  diagram 
may  be  changed  to  represent  this  alternative  hypothesis  by 
prolonging  the  lines  through  the  center  and  taking  the 
other  ends.  But  here  the  inherent  improbability  of  this 
hypothesis  appears,  for  it  seems  to  be  a  violent  supposition 
that  the  apsis  which  moves  so  regularly  towards  the  west 
from  1890  to  1898  could  have  occupied  the  position  266° 
only  seven  years  earlier.  Therefore  this  alternative  hypothe- 
sis appears  to  be  unnatural  and  improbable. 

A  third  possible  hypothesis,  namely,  that  the  position  of 
the  ellipse  is  subject  to  no  regular  law  whatever,  seems  to 
be  contradicted  by  the  continuous  series  between  1865, 
1883,  1890  and  189S. 

Coming  now  to  the  question  of  the  variations  of  the 
period  from  an  exact  year,  a  consideration  of  the  values  of 
L  (or  T)  makes  manifest  the  fact  that  the  annual  period 
is  not  constant.  From  1890  to  1895  it  was  about  a  year, 
the  dates  of  the  return  of  the  pole  to  the  end  of  the  major 
axis  under  observation  being  very  near  the  beginning  of 
April.  After  1895,  however,  this  date  is  retarded  through 
April  to  the  beginning  of  May  in  1898.  Between  1865 
and  1890  on  the  contrary  the  returns  were  notably  ac- 
celerated. Roughly  speaking,  the  period  between  1865  and 
1890  was  about  361  days ;  between  1890  and  1895,  nearly 
365  days;  and  between  1895  and  1898  it  has  certainly 
lengthened.  A  corresponding  lengthening  is  indicated  be- 
tween 1842  and  1865,  in  which  interval  it  was  368  days. 
If  the  values  of  L  be  plotted  it  will  be  seen  that  thej 
rudely  indicate  a  period  of  fluctuation  of  about  60  years.* 
It  may  be  recalled  that  a  period  somewhat  longer  than  this 
was  deduced  in  A.J.  422  from  a  consideration  of  the  values 
of  the  epoch  G  of  minimum  latitude  for  the  annual  term 
for  the  meridian  of  Greenwich.  It  appears  to  me  that  the 
fact  of  some  such  long  periodical  oscillation  of  four  or  five 
<la\  s  on  either  side  of  a  mean  period  of  a  year  is  not  open 
to  much  doubt. 

It  should  be  said  in  conclusion  that  for  some  of  the 
shorter  series  included  in  this  investigation  the  quai 
derived  from  the  observations,  /■,  and  G',  can  be  modified, 
but  not  essentially  so,  by  the  particular  values  employed  to 
represent  the  427-day  term ;  but  that  the  more  extended 
series,  like  Pulkowa  1863-70,  Washington  1862-67,  Pul- 
kowa L875-82  and  Madison  1883-90,  are  quite  independent 
of  any  variation  due  to  this  source. 

•  Ml  tin'  values  of  7,  on  p.  TO,  and  the  additional  ones  in  the  fore- 
going  note,  are  consistent  witli  the  expression, 

L  =  51°  —45°  cos  («— 1887)6 

the  differential  of  which  gives  the  corresponding  expression  for  the 
variation  of  the  period  from  a  year. 

|  r .;  sin (t— 1887)6 
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NEW   COMET— cl900  (giacobini). 

(Si  tENCi  Obsi  k\  i  i:.  Special  Circular,  No.  128.) 


\      ■  rec      ed    lu the  night  of  December  2.">  an- 

sa the  discovery  of  a  comet  by  Giacobini,  a1  Nice,  on 
be]    20       \    iati  c  position  from  Europe  and  others 
which  have  been  kindly  communicated  bj  Professor  Camp 
bell  of  Lick  Observatory  are  here  given  : 

Posh  toss 

Dec! 
-22     (i 


qw.M.T 

Dec.  20.313 
24.271 
24.6025 
26.6280 
28.6197 


R.A. 

22  32°°  (i.o 

22  57     0.0 

22  59   L0.2 

23  11   23.6 
23  23  17.1 


0 

-22  45  0 
-22  -II  40 
-22  57  59 
-23     7  30 


Observers 

( i-iacobini 

Giacobini 

Aitken 

Aitken 

Aitken 


From  the  three  Lick  positions  Mr.  Aii'ki:n  has  computed 

the  foil*  ■ 


Elements. 
T  =   1900  December  1.11 

w  =  175     54 

Q  =  192     39  '-Mean  Eq 
i  =     31       1 

q   =  0.9769 


Gr.  M.I 
L900.0 


Qreenw.  Midnight 

1801 

January    3 


11 
15 


Ephemeris 
R.A. 

_•:;''   57™    14 
(i     20       8 

0  II      36 

1  2       8 


-23 


14 


Light 

.(•71 


.055 


Light  at  discovery  —  1 


OBSERVATIONS   OP   COMET  c  1900  (giacobini), 

By  R.  <;.   AITKEN. 


L900  Mt.  Hamilton  M.T. 


No. 
(  ■  «i 1 1  j  >. 


a"-* 


Ja 


.18 


#>s 


log  /'A 
for  a  for  8 


Dec.  21  6  20  35 
26  6  r.7  12 
28     6    15  58 


10  ,  8 
10  .  10 

10  ,  10 


+  16.62 
+30.96 

+  10.20 


+  1  22.2  22  59  10.17 
-3  3.2  I  23  11  23.71 
-4  21.0      23  23  18.54 


-22  44  41.1 
-22  58  2.1 
-23     7  27.1 


9.301 
9.428 
9.377 


0.870 
0.861 
0.867 


Mean   Places  for  1000.0  of  Comparison- Stars. 


Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

22  58  50.01 

+  .T.A1 

-22  46  21.6 

+18.3 

Gould,  Cordoba  Gen.  Catal.  31348 

2 

23     9     3.68 

t-3.55 

-22  55  L2.5 

+  18.1 

Gould.  Cordoba  Zones  23h202 

3 

23  1"  23.16 

+3.55 

-21'  48  26.2 

+  18.1 

Eastman,  2d  Washington  Catal.  4933 

1 

23   1"  49.20 

+3.55 

-22  55   17.li 

+  18.1 

Micrometer  comparison  with  (2)  and  (3) 

5 

23  19    U.46 

+  3.56 

-23     3      I.n 

+  17.9 

th.nhl.  Cordoba  Gen.  Catal.  31716 

6 

23  20   13.56 

+3.56 

-23     4     8.2 

+  17.8 

Gould,  Cordoba  Gen.  Catal.  31  733 

7 

23  23     4.77 

+3.57 

-23     3  23.9 

+  17.8 

Micrometer  comparison  with  (.">)  and  (6) 

Brst  two  observations  were  made  with  the  12  inch,  the  last, 

with  th  a  .i        i  i  .'.  as  mi  asm  ed  directly 

with  the  micro 

'I'll 1 1  "in  the  one  telegraphed,  be 

n-star  was  Iati  (3),  a 

'ill  inn  one  obsen  ation  in  Goi  r  d's  /cue-, 
i  hi  of  the  two  places  for  sta  opted. 


The  cornel  is  faint  and  small,  irregular  in  outline,  with  a  condensa 
tii hi  slightly  preceding  and  south  "1  the  center.  The  38  inch  shows 
a  nucleus  estimated  at  the  15th  magnitude,  and  a  short,  fan-shaped 
extension  in  the  north  follow  ing  quadrant.  The  cornel  is  compara- 
ble in  an  1  ltii  magnitude  star  in  brightness. 

Lick   Observatory,   University  of  California,  1900  Dec.  31. 
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Changes  i  \   i  in    Annual  Elliptii  w    Component  oi   the  Polar  Motion,  by  v    C.  Chandler, 
obini). 

Giacobini),  bi    R.  G.  a  n  ki  \ 
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RESULTS    OF    OBSERVATION     WITH    THE 
FLOWER   OBSERVATORY,   UNIVERSITY 

Bv  C.   L.  DOOLITTLE. 

A  statement  of  the  provisional  results  of  observation 
with  the  Zenith  Telescope  at  this  place,  from  1898  Oct.  8, 
to  1899  Sept.  28,  may  he  found  in  the  Astronomical  Journal 
for  January,  1000. 

The  values  of  the  latitude  which  follow  may  be  considered 
definitive  up  to  January  10, 1900.  The  observations  during 
the  following  February  and  March  were  by  Eric  Doolittle, 
my  own  activity  having  suffered  a  temporary  suspension  as 
the  result  of  an  accident.  The  values  after  1900  January 
10  are  to  be  regarded  as  provisional.  It  is  intended  to 
make  a  re-adjustment  of  this  part  of  the  scries  in  connec- 
tion with  the  work  of  the  present  year. 

The  correction  to  Stkuye's  Constant  of  Aberration  has 
been  derived  from  the  observations  from  1898  Oct.  8  to 
1890  Nov.  27, 


The  result  being 
Giving  for  this  constant 


+   0.0964 
20.542 


ZENITH    TELESCOPE, 
OF    PENNSYLVANIA,* 

Latitude   =   89°  58'  +  . 


This  value  lias  been  employed  in  the  final  latitude- 
reduction. 

In  this  connection  it  may  not  lie  out  of  place  to  say  that 
a  thorough  revision  of  the  latitude  work  at  Bethlehem  has 
been  for  some  time  in  progress,  with  a  view  to  its  publi- 
cation in  full.  The  series  extending  from  1894  January  10 
to  1895  August  19,  is  now  in  the  printer's  hands.  It  is  to 
be  published  by  the  Philosophical  Society  at  Philadelphia. 
This  series  gives  for  the  value  of  the  constant  of  aber- 
ration, 

20".  5:;  7 

Four  values  have  now  been  derived  from  my  zenith-tele- 
scope observations,  viz  : 


L892   1893 

20.552 

,ii  Bethlehem 

1894-1895 

lmi..-,:;: 

« 

1896-1  SOS 

20.580 

al  Philadelphia 

L898   L900 

20.542 

The  details  of  tin-  latitude  determinations   given   beh 
presumably  call  for  no  explanation. 
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18 
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Group  1 
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1899 
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NOTE   ON   A   SUSPECTED    MOW    VARIABLE, 

By  albert  s.  flint. 


I  desire  t . ■  rail  tin-  attention  of  observers  of  variables  to 
the  star  DM.  +25°3803,  7.5 mag.,  whose  place  tor  1900.0 
l;   L19    17    32"  ,  Deel.  +25   23'.      This  is  one  of  the 
comparison-stars  in   mj   present    series  of  parallax  obser- 
12.2  cm.  meridian  circle;  and  I  have  been 
comparing  its  magnitude,  in  the  course  of  my  regular  ob- 
servations,   with  that   of    DM.  +25°3802,   7.0   magnitude, 
i  Mi  r.s.     I   have  now  thirty-five  ol   these 

comparisons,  and  in  three  of  them  the  deviation  from  the 
mean  difference  of  the  estimated  magnitudes  is  so  marked. 
it  is  due  to  variability  of  DM.   h25  3803j 


which  in  each  instance  appeared  abnormally  faint.  I  had 
previously  made  fifteen  estimates,  on  as  many  different 
dates,  of  the  magnitudes  of  this  star  and  of  Br.  2150.  0.1 
mag.,  following  .T"  -10.  and  DM.  +24°3758,  7.5  mag.,  fol- 
lowing 6m  45'.  (hi  one  of  these  dates  the  magnitude  of 
DM.  +  25  381  >■"  appeared  SO  taint  that  I  made  a  check- 
mark against  the  reeord.  to  signify  that  the  estimate  oc- 
casioned  surprise,  but  was  confirmed.  I  have  plotted  the 
entire  series  of  m\  estimates  on  all  four  stars,  extending 
from  Sept.  2d.  1S08,  to  Oct.  S.  L900,  hut  see  no  marked 
deviation,    except   on    the   four    dates    already    referred    to. 
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The  variations  from  the  mean  difference  of  the  estimated 
magnitudes  in  each  case  are  presented  in  the  following 
table,  where  the  stars  are  designated  1.  2, ;;.  1.  in  the  order 
of  right-ascension. 


1-2 

::    2 

4-2 

1898  Oct.      5.3 

- 

+  1.0 

+  0.5 

1899  Sept.  26.3 

+  0.5 

+  0.S 

+  0.4 

1900  May      2.7 

+  0.7 

+  0.2 

-0.2 

1900  Sept.  12.3 

+  0.8 

+  0.6 

+0.6 

On  May  2,  1900,  stars  3  and  4  appeared  much   fainter 
Washburn  Observatory,  Madison,    Wis.,   IOiki  Nov.  26 


than  normal,  owing  to  increasing  daylight,  so  that  their 
differences  from  star  2  on  this  date  are  not  comparable 
with  those  for  the  other  dates.  No  clouds  were  noticed  on 
the  first  three  nights  of  these  four,  and  on  the  last  a  special 
note  was  made  that  the  sky  appeared  perfectly  clear. 

I  had  thought  to  obtain  some  more  comparisons  with  an 
equatorial  telescope  the  present  season,  after  my  regular 
observations  arc  over  for  the  evening,  but  the  star  is  very 
Low  now  at  that  time.  I  hope,  however,  that  some  ob- 
servers may  yet  follow  it  with  early  evening  observations. 


NOTES   ON    VARIABLE   STARS,  —  No.  34, 

By    henry    m.    par  K  II  riiST. 
6849  B  Aquilae.      Rejecting  my  late  minimum  observa-  I    eluding  my  maxima  in  1893,  1894  and    1900,  I  derive  the 
tions,  obtaining  from  the  elements  of  the  Second  and  Third      following  approximate  elements,  representing  the  maxima 
Catalogues  normal  maxima  for  eleven  earlier  dates,  and  in-      within  an  average  of  four  days  : 

2399167+336.7  E  +  150  sin<4°  E  +  0°) 
Results  ok  Observations. 


Observed  Date 

No. 

Star 

Phase 

Julian 

i  alendar 

E 

(    CUT. 

w 

Mag. 

Factors 

Remarks 

5501 

S  Serpentis 

Max. 

52 1 1 

1900 

Aug.     9 

72 

+58 

9 

8.22 

1.20 

3.43   19' 

5511 

RS  TAbrae 

.Max. 

.-.190 

June  19 

18 

+  22 

2 

_      _ 

5566 

/,'  1    Librae 

Max. 

5197 

June  20 

14 

-83 

7 

Period  .",14  days? 

5593 

W Librae 

Max. 

5166 

May  20 

39 

E 

_ 

_ 

Probably  earlier 

5675 

V  Commit- 

Min. 

5268 

Sept.    .". 

9 

39 

9 

11.00 

l.ol 

1.37   17, 

Perhaps  later 

.-»r>77 

I!  Serpentis 

Max. 

5247 

Aug.  1.-. 

7.". 

-20 

9 

6.14 

0.71 

1.80  19 

5770 

B.  Her  cutis 

Max. 

5148 

May     S 

40 

-16 

9 

9.09 

1.55 

1.89  38 

Correction  diminishing 

.-.798 

RV  Herculis 

Max. 

5350  : 

Nov. 

- 

1 

- 

_       _ 

Interruption,  new  building 

5856 

W  Ophiuch  i 

Max. 

5201 

.lime  30 

21 

-28 

o 

_ 

_       _ 

Possiblj  earlier 

5887 

V  Ophiuchi 

Min. 

5193 

June  22 

32 

+  19 

9 

9.16 

4.62 

2.24   41 

Curve  irregular 

" 

•• 

Max. 

r.24  7 

Aug.  15 

32 

-10.3 

9 

7.01 

IIS 

6.22    10 

Probably  later 

5903 

)"  Scorpii 

Max. 

5201 

June  30 

24 

+    0 

5 

_ 

Pel  ,11,1  assumed  38 1  daj  - 

en  II 

S  Herculis 

Max 

5240 

Aug.     8 

52 

+  17 

9 

7.07 

1.34 

2.24    L'l 

+2,  transition  elem.  .1../.  388 

6132 

R  Ophiuchi 

Max. 

.-,2  IS 

July  17 

52 

-29 

9 

7.10, 

2.17 

2.19  :;:! 

6160 

BT  Herculis 

Ma 

5295 

Oct.      2 

5 

-52 

:. 

9.7. 

_ 

Period  suggested  A.J.  42 1 

6225 

RS  Herculis 

Min. 

5229 

-I  n  1  \   28 

7 

1 

_• 

A.J.  156,  476 

" 

a 

Max  A 

5310 

Oct.    17 

7 

+    2 

5 

9.0 

_        _ 

" 

" 

MaxB 

5336 

Nov.  12 

7 

O 

:; 

S.I 

_ 

_        _ 

Mean  intei  \  al  ma  x.  28  days 

[6441  j 

—  Herculis 

Max. 

5317 

Oct.    2  1 

_ 

0 

9.1 

_        _ 

6624 

T  Serpentis 

Max. 

5248 

A.ug.  10 

42 

35 

•> 

_        _ 

Probably  earlier 

6682 

X  Ophiuchi 

Min. 

.-.291 

Sept.  28 

10 

-   5 

9 

8.31 

3.64 

2.99  .-.0 

Assuming  M  —  i»  125,  .I.J.  311 

6849 

R  Aquilae 

Max. 

529S 

Oct.     5 

4S 

0 

9 

0..-..". 

1.00 

l.lo  38 

From  elenn  11I  -  above 

6894 

S  Lyrae 

Max. 

5271 

Sept.    8 

0 

+  31 

8 

9.07 

0.9:; 

1.25  22 

Probablj  secondary 

6921 

S  Sagittarii 

Max. 

5307 

Oct.    1  1 

.-.1 

-15 

4 

_ 

_       _ 

[7040 | 

[quilae 

Max. 

5180 

June    9 

_ 

E 

_ 

_       _ 

Probablj  not  later 

7  IIS 

X  Aquilae 

Min. 

5300 

Oct.      7 

8 

_ 

E 

_       _ 

71  L'n 

X  Cygni 

Max. 

.-.lsi 

June  1  '■'< 

1 2:; 

- 

E 

_ 

_ 

_       _ 

<  iI.miv  tend  1,.  confirm  elements 

7 1 55 

RB  Aquilae 

Max. 

5303 

Oct.    10 

5 

ss 

9 

9.00 

1.01 

2.16    IS 

Last :;  intervals  have  been  398 

7162 

BS  Aqiti/m 

Max. 

,-,llMi  : 

.Ian.''""' 

1 

- 

_ 

- 

Period  ,, ppai ent l\  about  400'1 

7234 

B  Capricorni 

Max. 

.-.20  1 

. I une  30 

43 

24 

1 

- 

_ 

_       _ 

Probably  earlier 

[7244 

—  Aquilae 

Max. 

5193.1 

.hi,,..  22 

77 

0.6 

7 

- 

_ 

Adopting  period  T.s7  daj  - 

a 

" 

Max. 

5218.0 

July  17 

Sll 

+  o.s 

9 

_ 

_ 

it 

u 

Max. 

5226.0 

July  27. 

81 

+  0.9 

7 

_ 

_       _ 

a 

Max. 

5273.0 

Sept.  10 

ST 

+  0. 

8 

- 
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V   190 


551 1 1   \  Si  rpentis. 

Cont.from476    Uomp  SI 
Julian    Calendar        Mag. 

1900 

51  is  6  Aj.r.    8  to 
5136.6  26 

i  dates 
5137.6  A.pr.  27 
5169.6  M;.-.  29 
5189.6  .luur  is 


[ndividi  m    Observe  dions. 


5195.6 
5201.6 
5209.6  Julj 
5220.6 
5230.6 
5236.6  Aug. 
5242.6 
5243.5 
5246.5 
5255.5 
5261  6 
5266.5  Sepl 


5675  I    <  'oronai ■-      <    'Hi 
Julian     <  alendai       Mag. 

1900 

5250.5  A  L8 
5260.5  28 
5265.5  Sepi.  2 
5266.5 

I 

9 

16 

Oct.      1 


5267 


11.."..--, 
11.71., 
Ill's 
L1.93 
ll.63s 
11.61. 
11.31 
11.83 


12.33, 

L1.76 

113     5279.5 

10.89,5294  :, 

10.76, 

10.58,       5677  RSerpent 

'•'  24      t.from  476.  Corap. Stars  476) 

8  22 
8  32  '.' 
7.89 
8.50 
8.34 
:  86 


11XJO 

5189.6  June  IS 
5195.6  24 

201.6  30 

,'-  5209.6  July 

220.6 


8  69 


5230.6 


'5236.6    Ug 

B.DOo  -, 


."»:.ll   RS Librae. 


-  5242.5 
5243.5 
5246.5 

(Cont. from  47.1  Cnm|.  -lai  -  ■>-     -.,- 

5176.6  June    5       9.4 
518S.6  1 7 

5193.6  22 

5201.6  30 


I..... 

9  15J5266.5 

9.40., 


8 
19 

29 
4 

in 
11 
1  1 
03 


10.0 

lU.L'll, 
10.(1 

9.46, 


i  ibaervatlons  '•••    Vbthi  r  .  .  Pi  am 
5887    /    Ophiuchi.       6132  B  Ophiuchi.   Cont. 


Julian     Calendar        Mai;. 
i  onl  from  4S6   I  p  Stars4  i6 

1900 

5162.6    May   21 
5167.6        '    21 


June 


5169.6 

5180.6 

5189.6 

5196.6 

5202.6  July 

5215.6 

5228.6 

5235.6   An-. 

5241.6 

5246.6 

5257.5 

5262.5 

*|5266.6  Sept. 

"-  5267  5 
7  "(I 

'"',l  5272.5 

5279.5 

5281.5 

5304.5 


Sept. 


6.82, 
6.28, 
5.89 
6.23, 
6.27, 
6.1  1, 
6.64, 


Oct. 


9.27, 
9.21 
9.06! 
9.23, 
9.00, 
9.52, 
8.84, 
9.18 
7.97 
8.15 
7.11, 


ilian    Calendar 

L9O0 

235.6  An-.    :; 


5241.6 
52  13.5 
5255.5 


9 

II 
23 


Mag. 

7.61, 

7. '.tn 
7.70, 
9.00 


6682  A  Ophiuchi. 
Julian    Calendar       Mag 

(Continue. I  from  421.) 


4224.5  Oct.  2C 

1900 

5218.6  July  17 


6160  RTHerculis. 

(Continued  from  476.) 
lew 
M 35.6  A pr.  25  to 
5255.6  An-.  23     13] 
('.  dates 
i.5  Sept.  17 


81.5 


■g1[25294. 


r.49, 
r.95, 

r.so, 
r.50, 
r.78, 

r.67„ 


10.35, 


5566  RD  Librae. 

(Contiuue.i  from  476.) 

1900 

51  72.6  -i  mi.'    1 


7i»  R  Eereulis. 

i. iron.  176  Comp.Stars476) 

1900 

8 


11.2 


5118.6  A  pr. 
5135.6 


5176.6 

5186.6 

5190.6 

5196.6 

5202.6  July 

5215.6 


...  5139.6 

1 1  ...•..,  - 


29 


10.52, 

10.34, 

9.72, 

9.71, 

II'  13, 


n; 


51  17. 0    Max 
5156.6 
5167.6  27 

5188.6  • I  unc  17 


10.03, 
9.35, 
9.45, 
9.24, 
9.42, 
9.55, 
9.84, 


5593   "    Librae. 

.  onttnued  fr 421. 

5172.0  June   1  to 
5196.6  25     13] 

4  dates 


561  5   V  t  'oronae. 

(Contlnucl  from  421 

1900 

5118.6   A  p.      8 


Maj 


5125.6 

5135.6 

5139.6 

5147.5 

5154.5 

5165.6 

5203.6  July 

521  16 

5225.6 

5231.6 

5236.5  Aug. 

5241.5 


5798  RV  Eereulis. 

.  ontlnued  i  rom  47' .. 

1900 

5189.6  June  18  12] 

5202.6  July     1  13] 

5217.6        "   16  13] 

5229.6  28  12.6 

5246.6  Aug.  11  12.6 

5255.6  23  12.6 

5280.5  Sept.  17  11.3 

5287.5  24  11.3 

9-85s5309.5  Oct.    16  10.0 

9-95fs5310.5  17       9.83, 

9.99, 

111..'.-.. 

10.15 


6044  S  Eereulis 

iCont.fr 

4928.6  Sept.  30 

1900 

5139.6  Apr.  29 
5162.6  May  22 
5165.6  25 

5172.6  June    1 


5856  IV  Ophiuchi. 


10.59 

L0.03 
10.21 

in  s: 
L0.29, 
11. 


5172.6  June 
5176.6 
5186.6 
5190.6 
5196  6 
5202.6  July 
5215.6 
5228.6 


5903  Y  Scorpii 

(Continued  from  47i; 

5189.6  June°18 
19 


5190.6 
5196.6 
5502.6  July 
5217.6 


10.9 

10.96 

11.06 

10.79, 

11.42, 


5188.6 

5195.6 

5201.6 

5208.6  July 

5215.6 

5228.6 

5235.5  Au- 

5242.5 

5243.6 

5246.6 

5257.5 

5262.5 


308.5 
531 3.5 
5318.5 
5336.5 


IS 
1 

15 
20 


10.4 
9.61, 
9.47, 
9. 18, 
9.91, 
9.89, 


5229.6 

5230.6 

5232.6 

5236.6  Aug. 

5242.6 

5249.5 

5260.5 

5265.5  Sept. 

5267.5 

5272.5 

5276.5 

52S0.5 

5313 


Nov.  12 


6225  RS  Berculis. 

(Continued  from  47i;  , 

1928.6  Sept30      8.! 

1900 

51S9.6  June  18 

5202.6  July    1 
5217.6  16 

5229.6  28 

5246.6  Aug.  1  1 
5255.6  23 

5280.5  Sept.  17 


4 
9 
13 

17 
Oct.   20 
10.56,15318.5  25 

5331.5  Nov.    7 
5340.5  16 

5346.5  22 


8.8r 

7.9 

S.S 

7.81, 

7.87, 

8.33, 

8.23, 

8.12, 

8.17, 

8.15, 

7.81, 

8.43^ 

8.21, 

s.ll." 

8.691 

7.97". 

7.70, 

7.511.. 


Oct. 


5281.5 

5294.: 

5308.5 

5313.5 

5318.5 

5336.5  Nov. 


18 
1 

15 

20 


10.9 
11.5 

12] 
12 
11' 
11.5 
10.8 
11.23, 
1(1.47 
9.(17 


6849  J£  Aquilae. 

(Continued  from  471;. 
1900 

5218.6  July  17 
5229.6  28 

5230.6  29 

5255.6  Aug.  23 
5258.6  26 

5262.5  30 

5263.5  31 

5267.6  Sept.    4 
5-7:1.5  10 


12.5] 

10.4 

lii.d 
9.51 
9.39, 

8.36,5242.6  Aug.  10 
8.96,5262.6  30 

7.91,5280.5  Sept.  17 


10.02.5280.5 


[6441] 


,  5281.5 
7.38.;  5294.5  Oct. 
cms   5308.5 
7  20,5313.5 
6  63,5318.5 


30 
6132  B  Ophiuchi. 


7.88. 

<;.7o. 

(i.SS. 


iCont.froni47C  Comp.Stara  I 

i 

5180.6  June    9       8.7 
10 


9.8 
9.49, 

10.33,15181.6 

10.00,5191.6 

9.64,5200.6 

9.77,  5208.6 

9.80  5218.6 

10.72,5229.6 


20 
29 


July 


9.13, 

7.94 

7.70, 

7.52, 

7.55, 

7.11 


5336.5  Nov.  12 


12       8.06, 


Eereulis. 


11] 

11.1 
9.9 
'.)  !H 
9.44 
9.31, 
9.26, 
9.12, 
9.52 


18 
1 

15 

20 


(1624   TSnpetifis. 

Continued  from  476.) 
L699 

1928.6  Sept.30 

1000 

52  16.6  Aug.  14 

5248.6  16 

5255.5  2:> 

5261.5  29 

5265.5  Sept.  2 

5272.6  9 
5287.5     -I 


9.6p 

'.i.l 
9  32. 
9.66, 
9.79, 
9.99, 
10.06, 
11.38! 


5287.5 

5304.5  Oct. 

5313.5 

5318.5 

5330.5  Nov. 

5340.5 

5:;47.5 


10.2 

10.0 
9.70, 
9.91," 
9.38, 
9.38„ 
8.75, 
8.59, 

S.I  5, 

7.64, 

7.08, 
6.48, 
5.97., 
7.35.. 
6.602 
7.18, 
7.29, 
7.25, 


0894  SLyrae. 

(Cont. from  476    Oomp. Stars :«» 

1900 

5228.6  July  27 
5246.6  Aug.  14 


5155.0 

5261.6 

5266.6  Sept. 

5272.0 

5279.5 

5282.5 

5290.5 


14  0 

10.9 

10.52, 
9.89J 
9.60, 
9.69, 
9.58, 

10.12, 

10.01, 


6921  S  Sagittarii. 

(Continued  from  i~j 

1900 

5228.6  July  27  13] 
51' 10.0  Aug.  14  13] 
5257.0  25     13] 
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6921  S  Sagittarii.-Gont. 

712(1  xCygni. 

7155  RRAq 

nil  a, 

.-Cont. 

7234  R  Capricorni. 

[7244]  -Aquilae.  Conl 

Julian     Calendar       Mag. 

Julian     Calendar     Mag. 

Julian     Calendar 

Mag. 

Julian     Calendar 

Mag. 

Julian     Calendar        Mag. 

1900 

5280.5  Sept.  17     11'.'-' 

1900 

r.r.HUi   June  19        0.4 

1900 

5308.5  Oct.   15 

9.062 

(Cont.froin  4S2   Comp.Stais  464 

1900 

5217.6            16       8.40< 

.-.I'M'.:,           19     11.98, 

5191.6            20       6.252 

5313.5 

20 

8.931 

5205.0  July    4 

10.0 

5218.6            17       8.264 

5312.5  Oct.    19       9.87, 

5193.6            22       0.49." 

5330.5  Nov 

0 

9.812 

5217.0             16 

10.8 

5220.6            19       9.46, 

5318.5            25     10.552 

5203.6  July    2       0.7,1,, 

5331.5 

7 

9.10, 

[7040]  -  Aquilae. 

(Continui'il  from  482.) 

5211.fi         *    10       6.452 

5334.5 

10 

9.532 

5223.6  July  22       9.14 

5214.6            13       6.522 

[7244]  -  Aqui 

lae. 

5225.6        '    24       S.M'. 

1900 

5205.0  July    4       9.4 

5230.6            29       7.322 

(Continual  from  482.) 

19O0 

5228.6            27       9.242 

5211.0             10       9.30„ 

7102  RS 

Aquilae. 

5189.6  June  18 

8.61. 

5220.0             19       9.03,, 

7155  R 1!  Aquilae. 

(Cont.froin  482. 

Comp 

Stars  464) 

5190.6            19 

8.71, 

5268.5  Sept.    5       9.28 

7118  X  Aquilae. 

(Cont.f rom  482,  Comp.Stai    393 

52  19.0  Aug*!"  17  to 

5191.6            20^ 

8.33„ 

5270.0              7       9.80 

(Cont.froin  482.  Comp.Stars339) 

5229.0  July  28     12] 
5249.6  Aug.  17     12] 

5314.5  Oct. 

21 

12] 

5193.6            22 

8.254 

5272.6              9       8.65. 

5229.6  July  28  to 

4  dates 

5195.0              24 

8.7S2 

5273.5            10       8.672 

5368.5  Dec.  14     12] 

5200.0             28     11.3 

5337.5  Nov 

13 

1 2.2 

9  dates 

5270.5  Sept.13       9.30., 

5347.5 

23 

12.0 

5214.0  July  13 

8.49, 

5337.5  Nov.  13     12.352 

5282.5            19       9.352 

5308.5   Dec. 

14 

10:; 

5215.0              14 

8.89, 

Comparison  -Stars, 

1893-1900. 

5566  RV  Librae. 

5075   /"  ( 'oronae. 

5798  RUHerculis. 

0225  RSHerculis. 

Star            DM.             Mag.        » 

Star              DM.              Mag.        n 

Star 

DM.             Mag.          n 

Star 

DM.              Mag.           n 

/     -15°4144         8.01       4 

G     +40°2932       7.70     10 

D 

+25°3039       8.03         5 

G 

+  23°3091        7.49        3 

IP     -15°4136         S.70       7 

P     +40°2931       9.31     26 

G 

t-26°2790       8.40         3 

L 

+  23°3092        8.08        5 

\Q     _14°4227         8.79       7 

■  IP     +40°2934       9.11     22 

L 

+  25°3031       8.81         6 

IV 

+  22°3126       9.oo        6 

U     _14°4234       10.11       2 

S     +39°2923      9.50     13 

.1/ 

-t-25°3036      9.22        2 

2  V 

+  23°3094       9.23      21 

X     -14°4231          9.SS       4 

Y    +39°2920       9.s:»     34 

N 

-i-25o3042       9.09       11 

X 

+  22°3128        9.81'       19 

a     9s7f     1Q       10.81     10 

Z     +40°2930     10.13     10 

R 

(-25  3044       9.35         4 

W 

+23°3095        9.42         7 

c     9»lp     \Q       11.11       2 

c     5sl5p      V    10.01     14 

S 

+  24°2984       s.79         3 

2Z 

+23°3096       9.09        4 

d         5p        a       11.19       9 

e     8»6/      1/    11.19     10 

T 

+  25°3040       9.41          6 

3Z 

f-23°3097        9.77         7 

f        2p        J       11.56 

f    np             e     11.85       2 

'* 

15/)          T     10.90         3 

a 

1  //5/,       V     10.60        1 

NOTE   ON    THE    REDUCTION    OF   THE   EROS  OBSERVATIONS 

By  GEORGE   C.  COMSTOCK. 

In  the  reduction  of  micrometric  observations,  such  as 
those  of  Eros,  it  is  very  convenient  to  assume  that  the 
mean  of  a  number  of  micrometer  settings  represents  the 
relative  positions  of  planet  and  comparison-star  at  the 
mean  of  the  observed  times,  and  within  rather  narrow 
limits  this  common  practice  is  unobjectionable.  It  is  not, 
however,  immediately  apparent  just  how  narrow  those  limits 
must  be  assumed,  and  the  purpose  of  the  present  paper  is 
to  determine  for  the  special  case  presented  by  micrometric 
observations  of  the  planet  Eros,  made  in  1900-1901,  in 
accordance  with  the  recommendations  of  the  Paris  Confer- 
ence, the  maximum  interval  during  which  the  relation 
between  the  measured  quantities  and  the  time  maj  be 
assumed  linear,  and  within  which,  therefore,  the  mean  of  a 
set  of  observations  may  be  reduced  as  if  it  were  a  single 
observation. 

For  this  purpose  it  is  necessary  to  consider  separately 
three  independent  sources  of  changes  in  the  observed  co- 
ordinates, viz:  (a),  the  geocentric  motion  of  the  planet  as 
represented  by  an  ephemeris.  (V),  the  change  of  parallax 
due  to  the  observer's  share  in  the  diurnal  motion  of  the 
earth,      (c),  the  varying  effect   of   differential    refraction. 


For  each  of  these  cases  we  shall  use  a  system  of  rectangular 
coordinates  whose  fundamental  plane  is  tangent  to  the 
celestial  sphere  at  a  point,  a0,  S0,  near  the  planet,  e.g.,  the 
center  of  the  field  of  view  of  the  telescope.  This  point  of 
tangency  will  be  taken  as  the  origin  of  coordinates,  the 
positive  axis  of  a:  being  directed  toward  the  north  pole,  and 
the  positive  axis  of  y  in  the  direction  of  increasing  right- 
ascensions. 

Geocentric  Motion.  Jf  the  right-ascension  and  declina- 
tion of  the  planet  be  represented  by  a  and  8,  these  coordi- 
nates will  be  connected  with  the  x  and  y  above  denned  by 
the  relations 


tan  (80  +  a-)    =   tan  8  sec  (a—  <c0) 
sin//   =   cos  8  sin(«  — «0) 


(A 


In  these  equations  .»■  and  y  are  functions  of  the  time,  /, 

through  u  and  8;  and  for  either  coordinate,  e.g.,  .» ,  we  may 
write 

%-<o)+*-S(*-*o)2+      etc. 


x  =  a-    + 


,// 


'  ilt- 


and  obtain  as  the  condition  for  the  required  limit,  t—ta, 
within  which  the  variation  of  x  may  he  treated  as  linear. 
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e  represents  the  maximum  negligible  error  in   the 
reduction. 

irentiatiug  i  \  twice  with  respeci   to  /.and 

art,  all  terms  containing  either  x  or  y 
i  tain 


+  Sill  6  COS  rt 


-// 


,/,' 


I  <fcs  <fts  rf<     eft 

If  wi  eal  niimite  as  the  unit  of  time,  and 

n1   by  «',  k",  8',  8",  the  first  and  second  differences 
of  the  tabular  «  and  &  furnished  by  a  daily  ephemeris,  we 
shall  have,  tn  a  sufficieni  degree  of  approximation, 
da         .  a'  <I~k.  re" 


dt 
d& 
dt 


I  I  I  I 
8' 

1  II  I 


dt* 


(1444)- 

where  the  several  differences,  «',«",  etc.,  are  supposed  to 

be  expressed   in   seconds  of  arc.      Introducing  these  values 

luations  B  together  with  the  factor  arc  1"  required 

for  homogeneity  we  obtain 


<3) 


(      ,,..  ;;    =  r+ 


sin  rt  C0S8(«')2 


1  I  II     '/"   =  cosS.  k" 
dt 


206265 

2  sin 8.  a' 


206265 

from  which  numerical  values  ol    the  required  differentia] 
coefficients  may  be  readily  obtained. 

If  we      sumi    as  the  limit  of   permissible  error  in  the 
ions    e  =  0".01     we  shall  find,  in  minutes  of  time, 


D) 


(*-*).-  [9.151]  ^.Jg 


M 


31 


40 
3  I 


analysis  es  entiallj  similar  to  the  pr ■dm-,  1  obtain  the 

following  expressions  for  the  limiting  t— 10  at  which  the 
effeel  of  second  order  terms  in  the  change  of  parallax  be- 
comes equal  to  0".01  : 

<«-  =4=^=      ) 

Vpw  cos  r/'  smScos/  ( 

c  i    (E 

(t-t0),   =   - —  \ 

V/37T  COS  (J      Sill  t  I 

where  the  notation  is  that  of  Chai  \  i:\ia,  Vol.  I,  p.  123 
and  log  C  =  1.512  when  /  — r0  is  to  be  expressed  in 
minutes  of  time. 

It  is  evident  from  equations  E  that  the  limits  repre- 
sented by  these  equations  will  vary  widely  at  different 
hour-angles,  but  a  few  trials  with  assumed  values  of  7r,  8 
and  f.  shows  that  in  general  these  limits  are  fairly  repre- 
sented by  the  statement  that  the  double  interval  2  (t—t0) 
can  not  much  exceed  1't)"1  without  there  being  introduced 
into  one  of  the  coordinates  an  error  greater  than  0".01. 

Differential  Refraction.  The  effect  of  refraction  upon 
differences  of  rectangular  coordinates  is  represented  by 
equations  of  the  form 

/.'•  =  /x.r  +  A//     .     .  I;;  =  vij  +  A.c 
and  for  the  required  second  derivatives  of  these  quantities 
with  respect  to  the  time  we  have 


represents  half  oi    bhe  interval  within  which 

:i .  .i   be  combined.     l'>\  means  of  these  equa 

,  have  computed  the  following  typical  values  of  this 

limit  : 

1901  <  let.  i         Noi    30        Jan.  29 


We  in  i .,   generalize  these  results  in  the  statement  thai  if 

en  set  of  ob  loes  m itend  over  a  period 

greater  than  one  hour  the  individual  settings  may  be  com- 
bined as  if  the  planet's  mot  i  I  Ctlj  uniform,  and 
the  resulting  error  will  never  much  exceed  0".01,  and  will 
seldom  reach  this  limit. 

Parallax.     By  applying  to  I  e  effect 

tnd  lin         of  thi    planet,  an 


dt2 

</- 
dt- 


h 


I'j  = 


dt- 
dt1 


x  + 


!/  + 


</-A 


The  analytical  expressions  for  these  differential  coef- 
ficients are  too  cumbrous  for  convenient  use,  and  I  have, 
therefore,  computed  for  an  assumed  latitude  of  43°,  and  an 
assumed  declination  of  50°,  an  ephemeris  of  /*,  v,  A,  at  in- 
tervals of  30™  of  hour-angle,  and  from  the  tabular  second 
differences  of  this  ephemeris  I  have  derived  numerical 
values,  /x".  v",  A",  which  in  the  given  case  suffice  to  determine 
the  numerical  values  of 

-r-5  J.r     and       -   ,    hi 

,/t-  ,lt-     ■ 

Strictly,  a  similar  procedure  would  be  required  in  every 
case    which    may  arise;   but.  since   only  approximate  \  a  lues 

of  these  i fficienl  -  are  needed,  it  will  usually  be  sufficient, 

in  the  case  of  observations  made  at  northern  observatories 
during  the  latter  pari  of  the  year  1900,  to  interpolate 
values  of  //'.  r".  A",  from  the  following  table,  with  the 
actual  zenith-distance  of  the  planet  as  argument,  instead  of 
employing  as  argument  the  hour-angle  with  which  they 
were  actuallj  compared  for  the  special  one  defined  above. 

The    numerical    factor    |H"    corresponds    to    the    adoption    of 

bhe  econd  of  arc  and  minute  of  time  as  units  in  terms  of 
which  the  several  quantities  are  expo     i  d 
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lO-£-/*+X',, 


lo-S-^  +  x- 


0 

7 

+ 

0 

+  1 

±    1 

4 

41 

2 

2 

9 

5 

7,(1 

3 

2 

•> 

6 

58 

6 

3 

0 

7 

66 

19 

3 

10 

S 

73 

+ 

58 

+  4 

±24 

/. "  has  the  same  sign  as  sin  t 

As  an  example  of  the  application  of  the  table  let  us 
assume  that  at  a  zenith-distance  of  60°,  and  east  of  the 
meridian,  the  planet  was  compared  with  a  star  which 
furnished  as  the  differences  of  rectangular  coordinates 

x  =    +300"     .     y  =    -300" 
With  the  argument    z  =  60°    we  find  from  the  table 
Washburn  Observatory,  1900  Dec.  24. 


dt* 


300)  -  +  i: 

300)  +  (-6)  (  +  300)  =  -2700 


,lt- 

The  limit    t  — 10    within    which    second-order  terms 
not  exceed  0".01  is  then  given  by  the  equations 

O.H2 

J4500 


d« 


(*-'.)* 


Kkk   =   -1" 


10.02 


It  is  to  be  observed  that  here,  as  in  all  preceding  cases. 
i /-/i  represent  a  time  interval  measured  from  the  middle 
of  a  set  of  observations,  and  that  the  total  interval, 
which  the  observations  may  extend  without  negle.cting  in 
the  case  of  any  single  result  a  second-order  term  greater 
than  O".01,  is  2  (<  —  ?„). 


OX    A    M-;\\    COMPONENT    OF   THE    POLAR    MOTION. 

Bi    S.  (  .  CHANDLER. 


The  object  of  this  note  is  to  state  briefly  the  principal 
result  of  an  investigation  that  has  been  some  time  in  hand, 
and  is  now  complete.  Space  does  not  permit  the  present 
communication  of  the  details.  These  will  be  printed  later 
in  sufficient  fullness  to  enable  astronomers  to  form  an 
opinion  on  the  validity  of  the  main  conclusion,  which  is  as 
follows. 

In  addition  to  the  128-day  and  the  annual  components  of 
the  polar  motion,  already  made  known,  there  is  a  third 
component  with  a  period  of  4.'u;  days,  and  a  radius  of  0".09, 
thus  considerably  smaller  than  that  of  the  other  terms. 
The  evidence  is  very  extensive,  and  extremely  clear,  and  I 
think  the  reality  of  this  third  motion  is  beyond  reasonable 
doubt.  For  the  presenl  it  is  assumed  to  be  circular,  exist- 
ing observations  being  inadequate  to  determine  its  form. 

The  reason  why  this  term  has  been  hitherto  overlooked  is 
manifest.  The  period  is  so  near  thai  of  the  428-day  term 
that  the  two  have  been  confounded  in  the  methods  of  dis- 
cussion used.  In  fact,  what  we  have  been  studying  here- 
tofore has  been  the  resultant.  I  will  here  briefly  describe 
the  relations  that  subsist  between  these  twin  motions,  treat- 
ing the  smaller  as  parasitic  on  the  larger. 

The  periods  are  P'  =  428.5  and  P"  =  430.0,  cor- 
responding to  the  daily  angular  velocities  8'  =■  0°.8401 
and  6"  =  0°.8257;  and  the  radii  are  >•'  =  (V'.llO  and 
,■"  =  0".090.  Taking  T  =  2405331  +428.5E,  and 
t  =  (P"  —  JP')E  =  7d.5E,  we  have  the  coordinates  of  the 
pole  for  any  date  t  by 

.--,   -    r'  sm(t-T)6'  +  r"  aia.(t-T-T)6" 

!/x    =    r't:os(t-T)$'  +  r"  cost/— T— t)0" 


(1) 


the  positive  v-axis  being  directed  to  Greenwich  and  the 
e  a  axis  to  90°  east.  The  resultant  is  a  compound 
harmonic  motion  in  the  nature  of  an  alternately  expanding 
and  contracting  spiral-like  curve,  that  for  any  given  in- 
stant may  be  treated  as  a  circle  with  the  radius 

rx   =    r"  (&  +  coSir    sec  VO1 

and  the  epoch  (minimum  latitude reenwich) 

J\   =    T+   V 

the  anomaly   /'  being  determined  by  the  expression 

sin  it 


(2) 


(3 


tan  IB' 


where         a   — 
Then  we  have 


9"  +  (t 
.(-,    =    t\  sin  (t 


k  +  cos  o- 
T)(6'-6")    , 


(4) 
(•r>) 


,.;, 


7\)  6' 
y,   =   r,  cos  {t  -  J\)  6' 

as  the  coordinates  of  the  pole  in  virtue  of  this  compound 
motion  that  we  have  hitherto  treated  as  a  simple  one  under 
the  name  of  the  428-day  term. 

The  length  of  the  period,  obtained  through  the  differ- 
entials of  (3),  (4)  and  (5),  is 


P  =   p'+  (P"-Pi) 


k  cos  o-  +  1 
(k  +  coso-f 


cos-  Y(,' 


P  =  428''.5  +  7".5 


1 ,555  cos  a-  +  1 
i  1  555  +■  cos<r)2 


cos- I  ~d' 


...  indical  int 


the  limits  of  which  are  P  —  428.5  + 

1  ±  1 

a   variation  of  the  period   between  431.4   and  415.0 


so 
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lean  length  being  128.5  days.     These  fluctuations  ave 

embraced  in  a  cycle  of  about  57  periods,  or  67  years.     Bui 

are  of  a  remarkable  character.     Ii 

remains  during  five-sixths  of  the  cycle  between  its  mean 

value  and  the  upper  limit,  or  between  42S.5  and  131.4  days ; 

then  suddenly  shortens  to  minimum,  115  days,  and  immedi- 

rapidly  len  Similarly    the  variations  of  the 

radius -of   motion    are  singularly  asymmetrical.      It   is  a1 

present  I     07,  and  approaching  its  minimum  dimen 

I   0".O5.     The  decrease  from  ()".17  to  o".ll  between 

L890  and  1897,  pointed  out  in    LJ.  I  lf>.  is  an  illustration  oJ 

the  action  of  the  above  law.     We  shall  soon  have  a  similar 


tesl  of  tlic  law  in  its  operation  on  the  period,  winch  between 

18* nd  L890  persisted  in  the  neighborhood  of   130  days, 

and  is  now  428  days,  but  ought  to  shorten  to  the  minimum 
value,  115  days,  within  the  next  few  years.  <>l  course  an 
accurate  prediction  cannot  be  made  as  to  when  this  intei 
esting  phase  will  become  perceptible,  because  the  length  of 
the  harmonic  cycle,  which  depends  on  the  difference  of  the 
two  component  periods,  is  imperfectly  defined  by  existing 
observations.  I'm- this  reason  the  above  description  should 
be  regarded  merelj  as  outlining  the  general  nature  of  the 
fluctuations  mi  her  than  as  specifying  sharply  their  numeri- 
cal limits. 


OBSERVATIONS   OF   COMET  h  L900  (borelly-brooki 

Bs   R.  G.   AITKEN. 


* 

No. 

4 

-* 

^•sa 
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pA 
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la 

/S 

a 

8 

for  a 
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9  23  36 

1 

18 
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8 
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10 
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+  4    L5.2 
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1  1 
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3 
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-6    5.9 
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+  71  20  22.4 

0.1  so 

0.660 

ic 
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4 
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-     26.84 

4-4  28.5 
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+  73  29    is. 11 
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7  28     6 

5 
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-     57.64 

-     59.7 

1  1    in    19.32 

+  71  52  47.8 
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0.7.44 

27 

7     1    17 

7 

Hi  .  6 

-     36.32 

-.-.  27.5 

1  1  23  32.27 

+  60  36  r>r,.-\ 
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0.417. 

29 
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8 

10  ,  6 
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-1   23.3 

1  1   26  50.80 
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0.114 
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-1   31.77 
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12 
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12 

18 
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+  60  37  42.8 

0.073 
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21 

7    13  54 

14 
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Mean    Placet 
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* 

a 
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8 
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55 
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-3.1 
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3.32 

+  73 

25  22.3 

-2.8 
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Dorpat  AG.  Zones.  +72  636 

. 

1  1 
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Micrometer  comparison  with  (9) 
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1  1 

26 

24.52 

2.58 
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-2.7 
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10 

H 

15 

8.26 

2.30 

+  66 
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-4.0 

.Micrometer  comparison  with  (11) 
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16 

29.58 
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12 

1  1 

n; 

35.92 

2.32 

f  66 

lo     1.8 

-4.7, 

Christiania  A.. G.  Catal.  2206 

1.". 

1  1 

58 

23.78 

2.36 

+  65 
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7,1 

Christiania  A.(  1.  Catal.  2235 

1  1 

1  1 

58 

10.17, 

2.36 

t  65 

19  35.6 

-5.1 

M  icrometer  comparison  with  (13) 

The  last  tw,  ns  were  made  with  the  36-inch   equatorial, 

the  others  with  the  12-inch.     On  the  nights  of  Sept.  3,  8,  11  ana 

Oct.  12,  the  ] ind  distance  of  the  cornel  with  reference 

to  the  comparison  star  were  measured.  On  the  other  1 1 i ■_;  1 1 1 ^  J„  was 
ed  directly  with  the  micrometei 

Work  on  Bros,  and  later,  unfavorable  weathei  prevented  me  from 


looking  for  the  comet  again  until  Dec.  ■>•!.  On  that  date  I  found  it 
\<t\  close  to  its  predicted  place;  bul  before  a  measure  could  be 
made  it  was  I, lulled  out.  by  rising  fog.  It  appeared  to  be  about  a> 
bright  as  a  star  of  the  15th  magnitude.  There  lias  been  no  oppor- 
tunity for  subsequent  examination. 

/.,>/,  Observatory,  University  of  California,  1901  Jan.  7. 
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\ \    k  Suspected  New  Vua  \r.  1.1..   in    Vlbert  S,   Flint. 
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SOUTHERN  VARIABLE   STARS, 

By  ALEXANDER    W.    ROBERTS. 


As  the  published  elements  of  many  of  the  Southern 
Variables  are  out  of  accord  with  more  recent  observations, 
it  has  been  thought  desirable  to  give  without  delay  such 
elements  as  have  been  determined  with  some  degree  of 
certainty  from  observations  taken  at  Lovedale  during  the 
years  1891-99. 

A  full  discussion  of  these  observations  is  delayed  until 
they  have  been  supplemented  by  a  series  of  observations 
made  with  the  new  equatorial,  now  being  constructed  by 
Cooke.  It  is  confidently  expected  that  the  new  instrument 
will  yield  measures  of  greater  precision  than  can  be  secured 
with  an  ordinary  telescope  ;  thus  the  light-curves,  especially 
of  the  short-period  variables,  so  determined,  will  form  a 
necessary  complement  to  the  results  based  on  the  older 
measures. 

No  refinements  of  observation,  however,  will  materially 
alter  the  general  characteristics  of  variation-^epoch,  period, 
type  of  variation  and  similar  elements,  which  we  obtain 
from  a  consideration  of  observations  extending  over  many 
years.  And  as  an  exhibition  of  the  general  features  of 
variation,  rather  than  the  minuter  details,  is  the  purpose  of 
this  investigation,  no  good  reason  exists  for  further  delay- 
ing its  publication. 

The  work  at  Lovedale  is  strictly  confined  to  the  obser- 
vation of  variable  stars  south  of  —30°,  and  as  far  as  pos- 
sible every  known  variable  in  this  part  of  the  sky,  visible 
at  any  portion  of  its  period  in  a  3Linch  telescope,  is  under 
regular  observation. 

The  present  list  of  stars  therefore  includes  nearly  all 
the  Southern  Variables  in  Chandler's  Third  Catalogue, 
together  with  some  of  the  more  important  variables  recently 
discovered  at  the  Cape,  Cordova  and  Arequipa. 

The  identification  of  each  star  has  been  made  a  matter 
of  some  care,  and  the  positions  for  1900  of  the  catalogue 
stars  have  been  determined  from  all  available  data.  As 
the  places  of  many  of  the  uncatalogued  stars  are  not  known 
with  the  accuracy  necessary  for  a  ready  identification  of 
the  variable  when  near  a  minimum,  the  places  of  the  fol- 
lowing stars  have  been  determined  with  the  ring  microm- 
eter on  the  3^-inch  telescope  :  — 


(1023) 
(1635) 


R  Horologli 

/i   lii'/iru/i 


(1662) 

(3663) 


R  Caeli 
Z  Carinae 


(4056)    RS  Centauri 
(4488)       U  Centauri 
(5320)       SLupi 
(6170)  RW  Scorpii 
(6331)  RU  Scorpii 


(7483)  U  Pavonis 

(7813)  R  (irui, 

(8040)  S  On, Is 

(8593)  R  Tucanae 


The  position  of  the  following  catalogue  stars  was  also 
similarly  determined,  as  there  seemed  some  doubt  as  to 
their  identity  or  position:  — 


(21)       V  Seulptoris 
(6062)  R H  Scorpii 


(7077)     T  Pavonis 

(7266)  RT  Sagittarii 


No  great  precision  can  be  claimed  for  the  positions 
secured  (although  their  accuracy  can  be  certified  for  with- 
in the  limits  required  in  the  catalogue),  still  they  are 
sufficiently  accurate  to  indicate  that  in  the  case  of  one  or 
two  stars,  notably  that  of  (1023)  R  Horologli,  the  positions 
given  in  Chandler's  Third  Catalogue  require  material  cor- 
rection. The  accurate  determination  of  the  position  of  a 
variable  is  of  some  moment  when  the  star  comes  first  under 
examination  near  its  minimum  limit.  A  faulty  position 
under  these  conditions  may  mean  the  loss  of  many  nights' 
observations. 

As  already  indicated,  the  elements  of  most  of  the  stars 
contained  in  this  catalogue  are  determined  solely  from 
Lovedale  observations.  When  other  measures  were  avail- 
able I  did  not  hesitate  to  make  use  of  them  either  for  cor- 
recting or  supplementing  my  own  results. 

I  am  accordingly  indebted  to  Mr.  Ixxes,  Professor  West, 
Mv.  Will:  \ms  and  Colonel  Makkwh  k.  not  only  for  their 
published  observations,  but  for  valuable  manuscript  notes 
which  they  have  been  good  enough  to  place  at  my  disposal. 

The  work  that  these  observers  have  done  both  along  the 
narrower  lines  of  discovery,  and  the  higher  plane  of  syste- 
matic observation,  should  be  encouragement  to  mairy  other 
southern  observers  to  take  up  this  branch  of  astronomical 
research. 

I  have  already  in  previous  papers  on  Southern  Variable 
Stars  spoken  of  my  obligation  to  Professor  Pickering. 
His  efficient,  courteous  help,  has  been  an  aid  to  me  in  no 
small  degree. 

Special  reference  in  this  same  connection  must  be  made 
to  five  stars  on  the  list :  — 

(81) 
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(5618)      T  Normae 
(6370)  HZ  Scorpii 


(2935)    Z  Puppis 
(3669)   W  I 

1216)     £  ////(/,ve 

The  elements  given  are  found  by  relating  my  own  obser- 
i  to  those  of  [nnks.     Without  these  additional  data 
the  Lovedale  observations  alone  would  not  be  sufficient  to 
yield  reliable  elements  of  any  one  of  the  five  stars. 

It  is  not  expedient,  as  a  rule,  to  depart  from  a  well  estab- 
lished and  generally  accepted  mode  of  astronomical  reckon- 
ing, but  the  change  introduced  in  this  catalogue  of  consid- 
ering the  firsl  maximum  passage  of  1900  (or  in  the  ease  of 
an  .l/</'i/-Yariable,  the  first  minimum  passage)  as  the  epoch  of 
the  variable  lias.  1  hope,  somethingtocoinmend.it.  That  it 
leads  to  aniforinitj  and  definiteness  will  be  admitted.  Per- 
haps southern  observers  in  dealing  either  with  their  own  obser- 
vations, or  with  any  observations,  will  relate  them  to  this  date. 

The  limits  of  variation  have  been  thus  determined.  For 
magnitudes  brighter  than  6M.0  the  U.A.  scale  has  been 
adopted.  Faintermagnitudes  have  been  determined  by  the  se- 
lection "1  the  following  empirical  reference  points  :  (1),  6M.8, 
the  faintesl  magnitude  visible  to  the  naked  eye  on  a  clear 
night;  (2),  9*.2,  the  lowest  magnitude  seen  in  my  one-inch 
telescope;  (3),  11s'. 4,  the  faintest  magnitude  seen  in  my  •'!]- 
inch  telescope. 

The  minima  of  many  of  the  stars  are  fainter  than  11". 4. 
When  there  was  strong  evidence,  from  a  consideration  of 
the  observations  above  11".0,  that  the  variation  of  the  star 
is  of  a  regular  nature,  the  light-curve  was  computed  for  the 
full  range.  Minima  so  determined  are  marked  by  a  note  of 
ition. 

For  minima  between  11M.4  and  11M.8  this  indirect  mode 
l(|  determination  is  not  markedly  inferior  to  one  directly 
obtained.  For  minima,  however,  lower  than  12M.0  the  area 
of  uncertainty  increases  so  rapidly  that  little  reliance  can 
be  placed  in  the  inferred  results.  As  the  relation  of  in- 
creasing to  decreasing  rate  of  variation  is  bound  to  be  of 
extreme  importance  in  the  working  out  of  a  theory  of  long- 
period  variation,  it  is  to  be  hoped  that  those  who  possess 
large  instruments  in  the  Southern  Hemisphere  will  make 
the  necessary  observations  at  minima  of  the  fainter  stars. 
It  would  be  matter  of  regret  if  our  knowledge  of  some  of 
the  most  remarkable  variables  in  the  southern  sky  were 
confined  to  thai  portion  of  their  variation  im diately  pre- 
ceding or  following  their  maxima. 

I  last  two  eolumns  of  the  catalogue  indicate  the  ex- 
treme dates  during  which  the  variable  has  been  under 
examinational  Lovedale,  and  the  number  of  observations 
made  during  that  time.  It  may  be  mentioned  that  no  ob- 
servations were  made  in  L897.  Thus.  lS'.tl  1899  will  be 
red  as  meaning  189]    L896  and  1898  99. 

I  total  number  of  observations  dealt  with  is  consider- 
ably over  twenty-three  thousand. 

The  notes  at  the  end  of  the  catalogue  deal  with  the  gen 
eral  features  of  variation  rather  than  with  the  history  of 
any  of  the  stars,  this  being  the  main  purpose  of  the  paper. 


Frequently  in  the  notes  there  is  reference  to  the  typical 
curve  of  short-period  variation.  Stars  are  described  as 
according  with,  or  departing  from  this  normal  type.  As 
the  variation  of  all  the  southern  short-period  stars  differs 
but  slightly  from  this  mean  curve,  it  is  pertinent  to  the 
present  investigation  to  consider  what  are  the  chief  typical 
features  of  short-period  variation,  and  indirectly,  by  con- 
trast, to  indicate  other  types  of  variation. 

The  most  outstanding  feature  of  short-period  variation  is 
the  rapidity  of  the  increasing  rate  of  variation,  as  compared 
with  the  decreasing  rate. 

The  mean  value  of  this  important  ratio  as  obtained  from 
a  preliminary  examination  of  the  light-curves  of  fourteen 
short-period  variables,  is  ,'!  :  1.  The  majority  of  the  stars 
dealt  with  range  very  near  this  value;  one  or  two  have  a 
much  higher  ratio.  Three  stars  have  a  slower  relative  as- 
cending rate,  but  no  star  has  a  ratio  of  unity  or  under  it. 

That  the  ascending  rate  of  variation  is  much  more  rapid 
than  the  descending  rate  may  be  considered  therefore  as  a 
fundamental  law  of  short-period  variation. 

It  is  frequently  stated  that  the  reverse  of  this  law  holds 
good  in  the  case  of  Algol  stars.  There  are  in  the  southern 
sky  six  stars  of  undoubted  Algol-type,  and  about  none  of 
these  can  it  be  said  with  certainty,  that  its  ascending  rate 
of  variation  is  distinctly  slower  than  the  descending.  In 
every  instance  the  ratio  of  increasing  to  decreasing  rate  of 
variation  is  approximately  one  of  equality. 

Then,  again,  with  regard  to  long-period  variables,  though 
the  law  of  rapid  increasing  variation  holds  good  in  many 
instances,  it  is  by  no  means  general.  There  are  variable 
stars  of  this  class,  as  the  notes  to  the  catalogue  indicate, 
whose  ascending  rate  of  variation  is  slower  than  the  de- 
scending rate. 

The  number  of  exceptions  is  few,  but  still  they  are  suffi- 
cient to  indicate  that  the  law  has  not  the  same  significance 
with  regard  to  long-period  variation  as  it  has  with  regard 
to  short-period  variation.  Further,  the  mean  ratio  over  the 
whole  class  of  long-period  variables  is  much  lower  than  is 
the  case  with  the  short-period  variables. 

A  second  feature  of  short-period  variation  is  its  regularity. 

If  a  mean  light-curve  for  any  short-period  variable  be 
computed,  either  graphically  or  analytically,  and  applied 
to  the  observed  magnitudes,  then  the  (O  —  C)  discordances 
will  be  found  to  be  only  slightly  greater  than  the  errors  of 
observation. 

The  natural  interpretation  of  this  is  that  whatever  causes 
underlie  short-period  variation,  they  operate  with  extreme 
larity. 

In  the  case  of  long-period  variation  such  uniformity  is 
the  exception.  Not  only  is  the  period  in  which  the  star 
completes  its  variation  usually  irregular,  but  frequently 
successive  light-curves  differ  so  radically  as  almost  to  sug- 
gest different  types  of  variation.  There  are,  of  course, 
long-period  variables  whose  amplitude,  period  and  type  of 
variation  is  quite  regular,  as  regular  as  the  variation  of  any 


Nos-  491-492 


THE     ASTRONOMICAL     JOURNAL. 


83 


short-period  variable,  but  such  regularity  is,  as  already 
stated,  exceptional.  A  third  characteristic  of  short-period 
variation  is  its  narrow  limits.  If  we  take  the  twenty  short- 
period  variables  whose  elements  are  given  in  this  catalogue, 
we  will  find  that  the  average  range  of  variation  of  the 
group  is  only  one  magnitude,  and  that  in  no  single  case  is 
there  a  range  of  variation  amounting  to  two  magnitudes.  The 
lowest  value  is  that  of  (3777)  Y Cannae,  0".5  ;  and  the  high- 
est the  recently  discovered  variable  (5608)  UNorrnae,  1M.6. 

If  now  we  consider  long-period  variation  we  find  that 
the  average  range  of  variation  for  thirty  stars,  whose  limits 
are  known  with  some  degree  of  accuracy,  is  3a.7,  a  value 
nearly  four  times  greater  than  that  yielded  by  the  short- 
period  variables. 

Had  it  been  possible  to  determine  the  lower  limits  of 
many  of  the  stars  in  this  catalogue,  this  value  would  be 
considerably  increased.  Let  us  regard  4M.0  as  the  mean 
range  in  magnitudes  of  long-period  variables. 

A  range  of  one  magnitude  for  short-period  variation  and 
four  magnitudes  for  long-period  variation  does  not,  at  first 
sight,  represent  a  fundamental  difference  in  the  character 
of  the  two  types  of  variation.  If,  however,  we  indicate 
the  respective  ranges  in  light-grades  we  will  at  once  ap- 
preciate the  reality  of  the  difference. 

A  range  of  one  magnitude,  the  average  range  of  the 
southern  short-period  variables,  means  that  at  a  maximum 
an  average  short-period  variable  is  two  and  a  half  times 
brighter  than  it  is  at  a  minimum.  A  range  of  four  magni- 
tudes, the  assumed  average  range  of  the  southern  long-period 
variables  (an  average  value  it  may  be  premised  under  the 
actual  value),  indicates  that  the  typical  long-period  variable 
is  at  a  maximum  forty  times  brighter  than  it  is  at  a  minimum. 

The  great  increase  in  brightness  of  some  of  the  long- 
period  stars  is  indeed  remarkable.  For  instance  the  star 
(5090)  K  Centauri  is  at  least  three  hundred  times  brighter 
at  a  maximum  than  it  is  at  a  minimum.  It  is  difficult  to 
conceive  how  such  a  stupendous  increase  in  light  and  heat 
should  not  end  in  the  complete  disintegration  of  the  star. 

It  has  sometimes  been  stated  that  all  long-period  vari- 
ables are  red  in  color,  and  short-period  variables  white. 
On  this  matter  I  am  not  able  to  speak  with  certain ty  or 
with  confidence,  as  my  own  appreciation  of  color  is  poor, 
arising  either  from  actual  inability  to  readily  distinguish 
different  shades  of  color,  or  from  want  of  experience. 

It  is  evident,  of  course,  from  a  consideration  of  the 
material  supplied  b}'  many  observers,  that  a  majority  of 
long-period  variables  are  red,  and  that  a  majority  of  short- 
period  variables  are  not  red  ;  but  that  all  short-period  stars 
are  white  I  am  inclined  to  doubt- 
Several  of  the  southern  short-period  variables  have  an 
orange  tinge,  and  two  at  least  (2935)  Z  Puppis,  and  (5823  i 
S  Nbrmae,  have  a  more  decided  trace  of  red. 

But  if  it  be  considered  that  only  a  small  percentage  of 
stars  are  red  or  reddish,  the  unsoundness  of  the  conclusion 


that  because  more  are  apparently  not  red  stars  in  the  list  of 
short-period  variables,  therefore  all  variable  stars  of  this 
class  are  white,  will  be  at  once  apparent.  The  simple  fact 
that  one  star  is  slightly  red  disposes  of  the  deduction  as 
untenable,  at  least  so  far  as  southern  variables  are  concerned. 

An  attempt  was  made  in  1892  and  1893  to  bring  the 
question  of  color  variation  into  the  scheme  of  work  at 
Lovedale,  but  for  reasons  already  indicated,  the  investiga- 
tion was  not  continued. 

That  stars  do  change  in  color  I  think  certain,  and  it  may 
be  that  much  of  the  photographic  evidence  of  stellar  varia- 
tion which  has  not  been  confirmed  by  eye  observations  is 
due  probably  to  changes  of  color  rather  than  of  intensity. 

The  foregoing  conclusions  have  arisen  from  a  considera- 
tion of  some  of  the  general  questions  which  the  summarizing 
of  the  work  of  the  past  nine  years  has  brought  prominently 
before  my  own  mind.  It  will  be  noticed  that  they  deal 
simply  with  the  facts  of  variation. 

The  consideration  of  theories  advanced  to  explain  the 
facts  lies  beyond  the  province  of  this  paper. 

I  do  not  purpose  either  dealing,  at  present,  with  the 
place  or  mode  of  observing  as  carried  on  at  Lovedale.  A 
more  fitting  place  for  this  will  be  the  detailed  consideration 
of  all  the  observations. 

I  may  be  permitted,  however,  to  refer  to  one  matter,  as 
there  is  some  possibility  of  misconception  arising  from  reti- 
cence regarding  it.  Col.  Mark  wick,  in  dealing  recently  with 
the  distribution  of  variable  stars,  remarked  on  the  large  num- 
ber of  short-period  variables  in  Carina  and  the  neighborhood 
of  this  constellation.  He  suggested  as  an  explanation  that 
special  attention  may  have  been  directed  to  this  part,  of  the 
sky.  As  far  as  this  observatory  is  concerned,  his  explana- 
tion is  correct.  A  search  for  short-period  variables  was 
begun  in  Crux  in  1891,  the  intention  being  to  work  round 
the  whole  sky.  The  number  of  new  variables  discovered 
at  Harvard  and  the  Cape  made  it  impossible  to  continue 
this  search,  and  at  the  same  time  carry  on  the  work  of 
observing  all  southern  variable  stars.  The  former  was 
accordingly  given  up,  as  being  the  less  important,  after  a 
few  constellations  had  been  carefully  examined. 

The  growth  of  this  branch  of  astronomical  research  since 
1891  can  be  well  exemplified  by  two  sets  of  figures,  one 
representing  the  number  of  known  variables  south  of  —30° 
at  January  1891,  and  the  other  the  number  as  at  January 

1900. 

Jan.1891    Jan.l'JOO 
.4 /yo/- variables  0  6 

Short-period  variables  4         23 

Long-period  variables  10 

Irregular  variables 

Total 


74 
_1 4 

15       107 


I  cannot  conclude  the  prefatory  portion  of  my  paper  with- 
out making  some  acknowledgement  of  my  great  indebted- 
ness to  Dr.  David  Gill.  His  sympathetic  advice  and  help 
was  always  mine  when  most  needed. 
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1900 

Annual  Variation 

Magnitude 

Ch.  No. 

Catalogue 

Star 

R.A. 

Decl. 

R.A. 

Decl. 

Max. 

Min. 

21 

C.DM.      3916 

V  Sculptoris 

o"  3  34 

.",9    17.1 

+.-V, 

+  0.33 

8.8 

<12.0? 

62 

LG.C.  17,7 

s  Sculptoris 

(1    10    19 

32  36.1 

3.04 

.33 

5.8  o.7, 

1 1  £  ? 

ll(i 

O.P.D       62°28 

s  Tucanae 

0  is  23 

02   13.7 

2.S7 

.:;:; 

9.0 

11.8? 

1  16 

\  G.C.  i"l 

T  Sculptoris 

(i2  1    17 

38  27.7 

2  90 

.:;."> 

s.o 

11.4 

403 

c.DM.      30°375 

0  Sculptoris 

1     6  50 

30  38.8 

2.84 

.32 

9.0 

<13.0? 

194 

A.G.C.  L377 

l;  Sculptoris 

1    22  22 

33     3.7 

2.77 

.31 

6.2-6.5 

8.5-  s.s 

L023 

l;  Horologii 

2  7,d  33 

7,0    17.9 

1.98 

.25 

5.6-6.6 

10.8-11.0 

1066 

/..c.:;' 17, 17 

T    EOrolOgH 

2  57    Id 

51     2.2 

1.92 

.24 

8.5 

11.6? 

L635 

R  Retieuli 

1  32  30 

63   1  1.2 

0.0,1 

.12 

7.0-8.5 

12.0  '.' 

L654 

L.  1567 

R  Doradus 

4  35  36 

62  16.4 

0.70 

.12 

4.8-5.5 

6.8 

L662 

l;  Caeli 

1  37     2 

38  25.8 

2.08 

.12 

7.2-8.0 

<12.9? 

L701 

A.G.C.5428 

R  Pictoris 

4  43  29 

19  27,. c, 

1.00 

.11 

7.2 

8.6 

1850 

/..('.  5"283 

S  Pictoris 

5     s   is 

is  .57.7 

1.59 

.07 

8.2 

<12.0  ? 

1894 

LG  C.  6135 

T  Columbae 

5   17,   38 

33  48.7 

2.19 

.00 

7.0 

11.7,  ? 

2059 

C.DM.    -.",1  2732 

8  Columbae 

.-,  4:;  lo 

31  43.7 

+   2.25 

.02 

9.0 

<12.0? 

21  11 

R  Octantis 

5  50   is 

80  26.0 

-18.37 

+  0.00 

0.8 

<12.0? 

2583 

1..  2691 

L„  Puppis 

7   Id  29 

44   2S.7 

+   1.82 

-0.10 

3.4-4.6 

5.8-  0.2 

2776 

Z.C.  7h3056 

\V  Puppis 

7  42  39 

41  57.1 

1.99 

.14 

8.0 

11.2 

2781 

(    I'D.  -4T1681 

RR  Puppis 

7  4.'!  :;i 

41     7.0 

2.02 

.14 

10.0 

11.0 

2852 

L.31U7, 

V  Puppis 

7  55  22 

48  7,8.4 

1.73 

.10 

4.1 

4.65-4.85 

2933 

c.DM.  -."II  L82 

Y  Puppis 

S      S   7,1 

.".1  50.3 

2.29 

.18 

8.8 

9.2 

2935 

LG.C.  10946 

Z  Puppis 

8     9  14 

34  10.0 

2.30 

.18 

7.0 

8.5 

3 

L.  3393 

V  Carinae 

8  26  41 

59  47.3 

1.23 

.20 

7.4 

8.1 

3055 

Z.C.  8h2388 

X  Carinae 

S  29     7 

58  53.2 

1.31 

.20 

7.9 

8.60-8.68 

3087 

A.  G.C.  11  c.cs 

T  Velorum 

8  34   26 

47     0.7 

1.95 

.21 

7.C5 

8.5 

3355 

A.G.C.  1279:; 

V  Velorum 

9  19   17, 

r,r,  32.0 

1.82 

.20 

7.5 

8.2 

3416 

A..G.C.  13052 

S  Velorum 

9   29  27 

44  45.9 

2.20 

.20 

7.8 

9.3 

3417 

A.G.C.  13053 

U  Velorum 

9  29  28 

45     4.3 

2.25 

.20 

8.2 

8.6 

3418 

1..  3932 

R  Carinae 

9  29    1  1 

02  20.8 

1.52 

.20 

4.5-5.5 

9.2-10.0 

3495 

L  L033 

I  Carinae 

9  42  30 

02     2.8 

1.05 

.28 

3.6 

5.0 

3569 

A.G.C.  13624 

RE  Carinae 

9  7.1   7,1 

58  23.0 

1 .94 

.29 

7.8 

8.6 

3637 

I..    11  V.I 

S  Carinae 

10     0   11 

01     3.0 

1.92 

.29 

5.8-6.6 

9.0 

3663 

Z  Carinae 

10   lo   27 

58  21.5 

2.07 

.30 

10.0 

<12.0  ? 

3669 

C.P.D.  -53°3515 

\\    \  elorum 

lo  11  :;i 

53  58.9 

2.23 

..",0 

8.S 

<11.4 

-777 

Z.C.  10h2067 

Y  ( 'arinae 

10   29   27, 

57  59.0 

2.25 

.31 

8.1 

8.6 

3847 

A.G.C.  1  1720 

,/  ( larinae 

10     11     11 

7,9     9.7, 

2.32 

.31 

.".922 

1.    1542 

D  Carinae 

lo  7,:;  ii 

59  11.8 

2.43 

.32 

6.8 

8.0 

1056 

RS  Centauri 

11    10     6 

01    19.7, 

2.01 

.;;:; 

8.4 

12.0? 

1216 

C.DM.  -."2°8314 

Z  Hydrae 

11    11    37 

32  42.S 

3.03 

.33 

9.2 

10.0 

1225 

('.DM.       U°6787 

X  Centauri 

11   44    12 

41    12.0 

2.99 

.33 

7.0 

11.8? 

1260 

Z.C  11  '■:;:;:,  l 

\V  <  lentauri 

11    7,0     2 

58   ll.s 

2.98 

.33 

8.2 

12.0  ? 

1364 

L.  5060 

s  Muscae 

12     7  24 

09  .'!7>.7 

3.19 

.33 

0.1 

7.3 

1 1 1 5 

1.  5108 

T  Crucis 

12   17,  54 

01    43.6 

.",.24 

.33 

6.85 

7.0 

1129 

A. (i.e.  L6882 

1;  <  irucis 

12   18     8 

01       1.7, 

3.26 

.33 

6.8 

7.9 

1  188 

U  Centauri 

12  27  7,9 

54     0.5 

3.30 

.33 

S.|    s.o 

11.8? 

1536 

L.  5236 

I;  M 

12  35  7,9 

68   7,1.7, 

3.63 

..",." 

0.5 

7.0 

4611 

L.  531  1 

S  <  Irucis 

12  48  27 

7,7  53.3 

.",.7,2 

.."." 

6.5 

7.0 

1896 

L.5645 

T  <  lentauri 

13  36     2 

33     5.5 

3.43 

.."1 

;,.."  0.0 

9.0 

4935 

Z.C.  13  2483 

RT  Centauri 

13  42  30 

36  21.7 

3.50 

.30 

8.8 

11.3 

5096 

A.G.C.  19297, 

R  Centauri 

11      9   22 

59   20.9 

4.28 

.28 

5.6-6.2 

9.0-1  L.8? 

5099 

L. 5861 

RR  Centauri 

14    9  :,:, 

-57  23.3 

+4.20 

-0.28 

7.4 

7.85 

N0*-  491-492 
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8i 

Ch.  No. 

M  —  m 

Elements  of 

Maximum,  Greenwich  Mean  Time 

Dates 

Obsns. 

21 

- 

241  5188 

+  295.5 

E 

1806   99 

64 

62 

161? 

241  5350 

+  366.5 

E 

L894  99 

124 

110 

75  ? 

241 5193 

+  23S.5 

E 

1896  99 

74 

14G 

85 

2415169 

+  201.5 

E     (See  notes) 

1896-99 

89 

401 

- 

241  5065 

+  328.0 

E 

L898  99 

46 

494 

171 

2415341 

4-376.4 

E     (See.  max..  see  notes) 

lso 1-99 

25 1 

1023 

154 

2415229 

+  405.0 

E 

1893  99 

1 52 

lOCO 

100  ? 

241  5193 

+  218.2 

E 

1S00 

20 

1635 

- 

2415021 

+273.4 

E 

lsoi   99 

155 

1654 

100 

2415135 

+  345.0 

E     (Irregular,  see  notes) 

ISO  1-09 

382 

1662 

_ 

241  5258 

+  398.0 

E 

1893-99 

119 

1701 

- 

2415080 

+  160.0 

E     (Irregular,  see  notes) 

1896.-99 

07 

1850 

- 

2415305 

+  428.5 

E 

L896-99 

56 

L894 

105 

2415097 

+  225.0 

E 

1898-99 

57 

2059 

- 

241  5149 

+  325.5 

E 

1898-99 

47 

2141 

_ 

241  5170 

+  330.0 

E 

1895-99 

44 

2583 

59 

241 5108 

+  140.15 

E     (Sec.  max.,  see  notes) 

ISO  1-99 

594 

2776 

54 

241  5078 

+  120.8 

E 

is 06-99 

j .... 

2781 

- 

Mix.  1900  J 

an.  1"  20"  34 

1   +  6"  10h  19ra  25s.O  E      .l/>/-type 

1S00 

73 

2852 

- 

Mm.  1900  J 

an.  I'1     5h     5 

'   +  ld  10h  54"-  26'.7  E      Alffol-tjve 

lso 1-99 

470 

2933 

(Irregular,  see  notes) 

1898  99 
1899 

41 
30 

2935 

11.8 

241  5050.3 

+   41.26 

E 

3040 

2.16 

2415026178 

+     6.6951 

E 

1892-  99 

710 

3055 

- 

Mix.  1900  Jan.  I'1     2h  44r 

1   +       12h  59m  298.9  E      Mf/ol-type 

lso."  99 

L084 

3087 

1.40 

241  5022.78 

+      4.6392 

E 

1892-99 

469 

3355 

0.97 

241  5021.64 

+     4.3709 

E 

1  SOL' -99 

575 

3416 

- 

Mix. 1900  J 

in.  I'1     3h  44' 

+  5a  22h  24™  21M  E      AlgoUypo 

1894-99 

648 

3417 

30 

2  1 1  5078 

+  62 

E     Irregular 

1S04-99 

109 

3418 

126 

I'll  5180 

+  300.7 

E      +cos.  (10°E-180°) 

1891-99 

557 

3495 

13 

2415044.5 

+  35.523 

E 

1891-99 

780 

3569 

120 

2415051 

+  365.0 

E     (See  notes) 

1895-99 

86 

3637 

78 

241  5043 

+  110.1 

E 

lso 1-99 

653 

3663 

- 

241  5276 

+394.0 

E 

1895-99 

53 

3669 

60? 

2415057 

+  185.8 

E 

1899 

10 

3777 

1.07 

241  50L-1.4O 

+      3.6  101 

E 

1893-99 

52 1 

3847 

_ 

(Irregular ) 

1891-99 

150 

3922 

5.5 

2  1 1  5034.0 

+  38.7397 

E 

1891  99 

720 

4056 

80? 

241  503  2 

+  10S.O 

E 

1899 

11 

4216 

18 

241  5062 

+   52.5 

E 

1S00 

20 

4225 

121? 

241 5234 

+  313.9 

E 

1896-99 

51 

4260 

90? 

2415202 

+  204.3 

E 

1896-99 

84 

4364 

3.45 

2415029.18 

+     9.657 

E 

1891    99 

7:  ;o 

4415 

2.07 

241  5028.32 

+     6.7322 

E 

1893-99 

158 

4429 

1.40 

241  5027.39 

+     5.82485 

E 

isol   99 

739 

4488 

106? 

2415046 

+  216.8 

E 

L895-99 

96 

4536 

0.26 

241  5021.23 

+     0.882495  E     (Sec.  var.,  see  notes) 

1891-99 

759 

4611 

1.49 

241  5026.92 

+     4.68989 

E 

1891-99 

000 

4896 

46 

2 1 1  5078 

+   90.4 

E     (See  notes) 

1894-99 

222 

4935 

120 

241  5048 

+  249.2 

E 

1899 

10 

5096 

167? 

2415131 

+569.0 

E     (Sec.  max.) 

1891-99 

412 

5099 

0.1514 

Max.1900  Jan.  I'1     4h  57'" 

+  0d     7"  16m  58.5E 

1894-99 

739 

86 
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( latalogue 


5192 
5320 
5396 
5465 
5608 

5682 
5713 
5751 
5823 

5949 
6050 

6071 
6170 

6275 
6331 
6370 
6386 
6429 

6500 
6546 
6608 
6686 
6760 

6811 
6900 

7i'77 
71LM 

7  1  .M 

7245 
7266 

7  is:: 
7494 

77, 1  I 

7685 
7813 
7994 
8039 

8040 

8593 
8603 


I.  5954 


L.  6264 

225 1 

S.  8527 

A. <;.r.  21504 

L.  6578 

A. <;.c.  21762 

L.  6743 

I.  6887 
LG.<    22855 
C.DM.      30  L3626 
A. <;.<'.  22956 


(MM).  -35°7270 

L.  7459 

CRD.  -49°10361 

A.G.C.  24674 
L.  7646 

I    DM.  -33°13234 
Z.C.  18h1903 
L.  7856 

C.DM.  -37°13027 

L.  8051 

L.8171 

A.G.C.  27193 

L.8276 


C.DM.  -39°13722 
Z.C,  20  L539 

C.DM.  -30  L8609 

Z.C.22h342 
C.DM.  -38*15044 

Z.C.  23h1353 
L9672  ' 


Star 


V  Centauri 

S  Liijii 

S  A  podis 

l>'  Triang.  Aus1 r. 

U  Normae 

T  Normae 

It  Lupi 

S  Triang.  Aim  r. 

U  Triang.  Austr. 

S  Norinac 

K  Arae 
Its  Scorpii 
IM;  Scorpii 
RV  Scorpii 
I; \Y  Scorpii 

S  Octantis 

RU  Scorpii 

RZ  Scorpii 

RY  Scorpii 

S  Arae 

R  Pavonis 

RS  Sagittarii 
RV  Sagittarii 

U  Cor.  Austr. 

k  Pavonis 

R  Cor.  Austr. 
RY  Sagittarii 

T  Pavonis 

S  Pavonis 
RU  Sagittarii 

R  Telescopii 

RT  Sagittarii 
I    Pavonis 
S  Indi 
T  Octantis 

S  Microscopii 

R  Cm  is 

It  1'isi-is  Austr. 

T  Gruis 

S  Gruis 

R  Phoenicis 
R  Tucanae 
S  Phoenicis 


1900 


i:.a. 


1  I  25  23 

I  I  16   II 

II  59  21 
15  lit  49 
L5  34  37 

L5  36  21 
15  46  59 

15  52  12 
L5  58  25 

16  10  35 

16  31  2(5 
16  48  22 
16  50  16 


Decl. 


16 

51 

48 

17 

8 

19 

17 

25 

54 

17 

35 

12 

17 

41 

36 

17 

44 

16 

17 

51 

27 

18 

3 

17 

18 

10 

59 

18 

21 

21 

18 

34 

17 

18 

46 

38 

18 

55 

10 

1!) 

10 

1 

19 

39 

30 

19 

16 

47 

19 

51 

50 

20 

7 

42 

20 

11 

5 

20 

47 

12 

20 

48 

59 

20 

47 

24 

21 

20 

48 

21 

42 

5 

22 

12 

19 

22 

19 

51 

22 

19 

no- 

23 

51 

lo 

23 

52 

12 

23 

53 

54 

56  26.6 
46  L2.2 

71  KM 
66  7.7 
54  59.3 

54  lo.o 
35  59.9 
63  29.5 

62  38.3 
7.7  39.2 

56  47.0 
44  56.3 
30  25.2 
33  27.2 
33  19.0 

86  46.0 
43  42.0 
35  39.9 

33  40.5 

49  25.2 

63  38.1 

34  8.5 
33  22.9 
37  55.6 
07  21.5 

37  5.5 
33  41.8 
72  1.1 
59  1/7.2 
41'     6.9 

47  18.0 

39  25.2 

63  5.2 

54  12.3 

82  30.0 

30   17.0 

47  22.6 
30     6.2 

38  4.4 

48  56.4 

50  I'o.O 
65  56.4 

-57     7.9 


Annual  Variation 
R.A.  Decl. 


+  4.27 
LOO 
5.92 
5.31 

l.oi 

4.60 
3.88 
5.35 
5.30 

4.95 

4.90 
4.34 
3.82 
3.92 
3.93 

20.41 
4.34 
4.03 
3.90 
4.O.-! 

5.77 
3.98 
3.95 
4.10 
6.21 

4.05 
3.92 
0.81 
5.10 
4.14 

4.30 

I.HI) 

5.04 

4.47 
10.33 

3.57 
3.89 
3.42 
3.52 
3.72 

3.13 

3.17 
+  3.13 


-0.27 
.25 
.24 

.22 
.20 

.20 
.18 
.18 
.17 
.15 

.13 
.10 
.10 
.10 

.07 

.04 
.04 
.03 
.02 
-0.01 

+  0.00 
.02 
.03 

.05 
.07 

.08 
.10 
.14 
.15 
.16 

.18 
.18 
.22 
.22 
.23 

.26 
.28 
.30 

.30 
.30 

.33 

.33 

+  0.33 


Magnitude 

Max.  Min. 


6.4-6.6 

si;  9.2 

10.0 

0.7 

8.8 

7.0-7.5 

9.0-9.6 

0,1 

7.75 

6.6 

6.8 
0.0-7.0 
6.2-7.0 

6.9 
10.0 

8.2 
8.2-8.6 
9.0 
7.5 
9.0 

8.0 

6.6 

7.8-8.4 

8.4 
3.8 

10.2 
6.5 

8.0 

7.2    7.0 

7.0 

8.4 
7.0 
8.6 

9.0 

8.0-9.0 

8.0-8.5 
8.0 
8.5 

7.8-8.6 
8.2 

7.4-8.0 

10.0 

7.4 


{.a 
<12.0? 
<11.4 

7.4 
10.4 

<11.4 
<12.0? 

7.4 

8.4 

7.4-7.55 

7.9 

12.0? 

12.2  ? 

8.0 

<12.0? 

11.8? 
<12.0 
<11.4 

9.0 
10.8 

11.7? 
6.9-7.6 
<12.0  ? 

11.0 


<11.0 
<11.0 
<12.0? 

9.0-9.6 

11.1 

<11.4 

<12.0? 

<12.0? 

<12.0  ? 
11.8 

11.5 
<1 2.0 '.' 
<11.5 

11.2 
<12.0? 

12.0  ? 
<11.4 
8.2 


NOTES   ON    FOREGOING   STARS. 


21.  Light-cnrve  symmetrical  on  cither  side  of  maxi- 
mum. Maxima  not  well  defined.  In  1898  the  rise  from 
11M.4  to  maximum  was  slightly   slower   than  the    fall  to 


this  star.  It  is  C.DM.  —39°. 16.  There  are  some  neighboring 
faint  stars  which  make  identification  difficult  near  minimum. 
62.     The  rise  to  maximum  is  only  slightly  more  rapid 


minimum.     Slight  confusion  has  arisen  as  to  the  identity  of      than    the    fall    to    minimum.      Some  maxima  are    sharply 
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Ch.  No. 

M —  m 

Elements  of  Maximum,  Greenwich  Mean  Time 

Dates 

( >bsns. 

5192 

1.47 

241 5025.52     +     5.49394 

E 

L894-99 

207 

5320 

- 

2415059          +346.0 

E 

L896  no 

52 

5396 

- 

2415196          +298.0 

E 

1898-99 

38 

5465 

1.01 

2415022.00     +     3.3891 

E 

1S9 1-99 

687 

560S 

4.5 

2415029.0       +   12.71 

E 

1899 

24 

5618 

_ 

I'll. -.(128           +244.0 

E 

1899 

10 

5682 

117? 

2415024          +234.5 

E 

1896-99 

59 

5713 

2.10 

2415023.41      +     6.3231 

E 

1892-99 

545 

5751 

0.63 

2415022.02      +      2.5683 

E 

1892-99 

502 

5823 

4.4 

241 5029.45     +     9.7525 

E 

L892-99 

559 

5949 

_ 

Mix.  1900  Jan.  5d     7"  35' 

1   +  4a  101'  12"'  7S.9  E      Alyol-ty-pe 

1891-99 

958 

6050 

160? 

241  5:;:  i'.i         +332 

E 

1894-99 

128 

6062 

136? 

2415251           +282.7 

E 

1895-99 

103 

6071 

1.41 

241 5026.04     +     6.0622 

E 

1894-99 

230 

6170 

- 

2415283          +388 

E 

1896-99 

49 

6275 

107  ? 

2415094           +265 

E 

1  S'.»S-99 

59 

6331 

- 

2415372          +373 

E 

IN!  10-99 

76 

6370 

- 

2415251          +245 

E 

1S99 

16 

6386 

12 

2415029.5       +   39.14 

E 

1890 

15 

6429 

0.0486 

Max.1900  Jan.  1"     7"  10" 

+        10"  50'"  47!.4  E 

1 899 

76 

6500 

109  ? 

2415106          +229 

E 

1895-99 

119 

6546 

- 

Mix.  1900  Jan.  3d     2"     2n 

+  2'1     9"  58"'  36\7  E      .f/,/o/-type 

1894-99 

51  2 

6608 

- 

2415058           +320 

E 

1898-99 

50 

6686 

58 

2415032           +145 

E 

1898-99 

48 

6760 

3.8 

2415029.10     +     9.0908 

E 

1891-99 

723 

6811 

40? 

2415050          +   89.2 

E 

1896-99 

45 

6900 

Irregular,  no  definite  period      (See  notes) 

1899 
1898-99 

44 

60 

7077 

_ 

2415031            +243.9 

E 

7121 

150 

2415310          +389 

E 

1895  '.io 

l:;i 

7151 

94 

2415220          +239 

E 

1896-99 

SI 

7245 

_ 

241  5331           +372 

E 

1896-99 

49 

7266 

130? 

2415182          +301 

E 

1 896-99 

53 

7483 

- 

2415082          +277 

E 

lsos-99 

46 

7494 

- 

2415400           +405.7 

E 

1896-99 

39 

7544 

55 

2415021           +205 

E 

1896-99 

57 

7685 

60 

2415199          +216.1 

E 

1899 

14 

7813 

- 

2415056            +  334.S 

E 

1895-99 

58 

7994 

- 

241  5026          +292.5 

E 

IS'.  16-99 

20 

8039 

64 

2415038          +141 

E 

1898  oo 

52 

8040 

- 

2415330          +410 

E 

L898-99 

54 

8588 

137? 

2415099           +270 

E 

1 S05-99 

61 

8593 

- 

21151: 15           +275 

E 

1S06-99 

r>c, 

8603 

66 

2415058           +151.2 

E 

L895  oo 

05 

defined,  I.e.,  1898  =  5".8;  others  flat,  i.e.,  1899  =  6".4. 
As  an  exemplification  of  the  form  of  the  sharper  curves, 
we  may  instance  the  algebraic  representation  of  the  1898 
variation  near  maximum  : 

Decreasing  mag.  =  5M.8  +0m.05(t„)  -0m.0001  (t0)2. 


Increasing  mag.  =  5M.8  +0M.065  (t,) ,  tx  and  t0  being 
the  days  to  and  after  maximum  respectively. 

110.  Light-curve  very  flat  at  a  maximum,  the  star  re- 
maining almost  constant  at  9M.0  for  about  one  month. 

146.     The  elements  given  in  the  catalogue  satisfy  the 
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later  Lovedale  observations  very  closely.     Thej  fail,  hew 
larlier  observations.     Tin-  period  is  most 
probably    subject   I  ities      l\\r>  finds  a  period  of 

206.3  days,  anil  West  200  days       \   period   of  L90  days 
would  satisfy  the  L896  Lovedale  observations. 

101.     Rise  to  a  maximum   verj    rapid:    only   25  days 
taken  to  rise  from  1  L".0  to  9*.0,  while  t  he  decreasing  period 
h  the  same  range  is  95  ilays.     Ascending  and  descend- 
ing portions  of  the  light-curve  practically  straight  lines. 

194.  Light-curve  verj  irregular.  In  L894,  L895  and 
L899,  a  secondary  maximum  has  been  observed  60  days  be- 
fore  the  chief  maximum.  The  two  maxima  recorded  in  the 
CJ.A.  (p.294),  Per.,  1S7-,  and  .Ian.,  1874,  are  fairly  well 
represented  by  the  elements  given  in  this  paper,  if  we 
i  i  \imiiiii  of  Dee.,  1872,  as  a  secondary  maximum. 
The  period  given  in  the  U.A.,  207  days,  fails  entirely  to 
meet  the  observations. 

1023.  Light-curve  regular.  Maxima  usually  sharply 
defined.  A  very  imperfectly  defined  secondary  minimum 
has  been  observed  about  70  days  after  chief  minimum. 
The  places  of  the  star  for  1900  is  R.A.  2"  50"'  33".2 
Decl.  -50°  17'    55" 

1066.  Variation  very  regular.  Rise  to  a  maximum  only 
slightly  more  rapid  than  the  descent  to  a  minimum.  Innes 
find  -  a  period  of  218. 1  days. 

1635.  Maximum  limits  irregular,  and  not  well  defined. 
A  secondary  maximum  preceding  primary  by  20  days,  has 
sometimes  been  observed.  The  rise  to  a  maximum  is,  on 
erage,  twice  as  vapid  as  the  fall  to  a  minimum.  There 
is  considerable  irregularity,  however,  both  as  to  the  character 
and  amplitude  of  the  light  variations. 

L654.  Variation  irregular :  secondary  maxima  and  mini- 
ma.     The  full  elements  are: 


Period 

min. 
maj 

,  i  \     mill. 

Secondary  max. 


345d 

■j  1 1  5035 
2415135 
2  U  51 75 
241  5239 


6.8  7.ii 
4.S  -  5.8 
6.0  -  G.4 
5.0  -  5.8 


The  sec larj  max.,  as   indicated  above,  has  frequently 

been  oh'  titer  than  the  primary. 

L662.  Form  of  light-curve,  as  far  as  observed,  regular. 
[in  :  ag  rati  ol  rariation  equal  to  decreasing  rate. 
.Maxima  not  sharply  defined,  the  light-Curve  being  verj  fiat: 
limits  of  variation  irregular. 

1701.  This  star  is  subject  to  greal  irregularities  in  its 
variation.      Indeed    its   light-curve   is   of  the   same   type   as 

Ch.  6900,  RY Sagitt'arii,  that  is  frequently  a  success: f 

and  decreasing  phases.  The  period  given  in  the 
catalogs  rdingly,  only  approximately  correct. 

1850.  Maxima  not  well  defined;  increasing  rate  of 
variation   more  rapid  than  decreasing  rate.      !\m:>   finds  a 


period  of  423  days  from  a  discussion  of  all  recorded  obser- 
vations. The  elements  given  m  this  catalogue  are  obtained 
1>\  relating  the  Lovedale  observations  to  that  recorded  in 
I  he  Zone  ( 'atalogue. 

1894.  Light-curve  verj  regular  and  symmetrical  on 
either  side  of  maximum.  Maxima  sharply  defined.  As 
the  star  approaches  minimum  passage,  rate  of  variation 
decreases. 

2059.  Ascent  to  a  maximum  rapid;  ratio  of  increasing 
to  decreasing  rate  of  variation  =  3:1.  Star  below  11M.0 
during  seven  months  of  its  period. 

2141.  Ascent  to  a  maximum  rapid.  Only  50  days  taken 
to  increase  from  11M.4  to  <i5,.8.  The  decreasing  period 
through  the  same  range  is  130  days.  Light-curve  regular. 
Rate  of  variation  diminishes  as  the  star  approaches  mini- 
mum.    Visible  to  naked  eye  at  maximum. 

2583.  Variation  subject  to  irregularities  both  as  regards 
limits  and  period.  The  form  of  the  light-curve  is  also 
dissimilar  for  different  periods,  the  star  sometimes  taking 
longer  to  rise  to  a  maximum  than  to  fall  to  a  minimum. 
The  following  elements  of  variation  represent  the  observa- 
tions from  1891  to  1899. 


Period 

Chief  min. 
Secondary  max. 
Secondary  min. 
Chief  max. 


140".  15 

2415049 

2415082 
2415095 
241  5098 


2770.  Light-curve  very  regular.  Minima  much  more 
sharply  defined  than  maxima.  For  thirty  days  on  either 
side  of  max.  increasing  rate  of  variation  equal  to  decreas- 
ing rate.  Near  minimum,  however,  the  decreasing  rate  is 
much  slower  than  the  increasing  rate. 

27S1.  Variation  regular  and  of  the  same  type  as  (3416) 
S  l'rliirttiit.     The  elements  of  variation  are  : 


Period 

Descending  period 
Stationary   period  at  min. 
Ascending  period 


(•»  1()  19  25 
3     8 

7  55 
3     2 


The  light-changes  are  accounted  for  by  the  revolution  in 
the  plane  of  sight,  of  two  stars,  one  o£  times  larger  than  the 
other,  the  smaller  star  being,  however,  1£  times  brighter 
than  its  larger  companion.  On  this  supposition  a  secondary 
minimum  would  be  practically  inappreciable.  Innes  makes 
the  limits  of  variation  9".7  and  10". 7. 

2852.  Light-curve  of  the  same  type  as  U  Peg<tsi.  Varia- 
tion continuous,  and  s\  nimetrical  on  either  side  of  minima. 
The  full  elements  of   \  anal  ion  are  ; 


Period 

Chief  min. 
Secondary  min 


1"  lit'1  54-  26".7 

1900  January  ld    5h  5° 
1    23   0 
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These  elements  are  obtained  from  Lovedale  observations 
alone,  but  they  satisfy  the  observations  made  by  Williams  in 
1886.  Spectroscopic  observation  of  this  star  indicate  that  it 
is  a  close  binary.  Its  light-variation,  also,  is  such  as  would 
follow  from  the  revolution  of  two  stars,  slightly  unequal  in 
brightness,  in  a  plane  nearly  coincident  with  the  line  of  sight. 

2933.  This  star  varies  irregularly  between  the  limits 
assigned ;  the  observations  yield  no  satisfactory  period. 

2935.  Ascent  to  a  maximum  rapid.  Light-curve  regu- 
lar, and  of  short-period  type.     Maxima  well  defined. 

3040.  Light-curve  of  ordinary  short-period  type.  Max- 
ima and  minima  sharply  defined. 

3055.  Light-variation  very  regular.  The  full  elements 
are : 


Period 

Descending  period 
Ascending  period 


12  59  29.9 

3  20 
3  20 


There  is  no  stationary  phase  at  minimum.  There  are 
indications  that  odd  minima  are  0M.08  fainter  than  even 
minima.  This  would  point  to  a  period  double  that  given, 
or  l'1  lh  58m  59S.S.  This  latter  supposition  would  be  more 
in  accordance  with  the  theory  of  the  star's  variation,  viz  : 
two  stars  of  equal  magnitude,  or  nearly  so,  revolving  round 
one  another  in  a  plane  coincident  with  the  line  of  sight. 

3087.     Light-variation  of  ordinary  short-period  type. 

3355.  Light- variation  very  regular.  Ascent  to  a  maxi- 
mum rapid.  When  the  announcement  of  this  star's  varia- 
tion was  made  I  assigned  it,  in  error,  to  the  constellation 
Carina.  It  is  on  the  border  of  this  constellation,  but  in 
Vela. 

3416.  Variation  very  regular,  and  of  well  defined  type. 
The  full  elements  of  variation  are : 

Period  5  22  L'/^'Ll 

Descending  phase  4  20 

Stationary  phase  at  min.  6  18 

Ascending  phase  4  20 

Epo.-h  of  middle  of  mm.     1900  Jan.  ld  3h  44'" 

The  nearer  to  min.  stationary  period  the  more  rapid  the 
variation.  The  passing  into  and  from  the  stationary  phase 
is  abrupt;  the  form  of  the  light-curve  at  these  two  points 
being  practically  a  right-angle. 

Ch.  27S1  has  been  already  referred  to  as  an  Algol-vaxiable 
of  a  similar  type.  The  explanation  that  naturally  suggests 
itself  is  that  in  stars  of  this  type  of  variation  we  have  two 
bodies,  one  bright  and  small,  the  other  dark  and  large, 
revolving  round  one  another;  the  darker  body  eclipsing 
the  brighter  each  revolution. 

3417.  Variation  irregular. 

3418.  Periodic  inequality.  Successive  light-periods  dis- 
similar both  as  regards  amplitude  of  variation  and  form  of 
light-curve.     Continuous  observation  of  this  star  has  been 


made  by  Tebbutt  for  twenty  years.  These,  as  well  as  the 
Lovedale  observations  since  1891,  indicate  two  types  of 
light-variation  :  a  sharp,  bright,  well  defined  maximum, 
and  a  fainter  and  less  distinctly  defined  maximum. 

3493.  Light-variation  irregular.  Minima  have  been  ob- 
served, though  rarely,  as  faint  as  5M.5.  The  elements 
given  in  this  paper  are  determined  solely  from  Lovedale 
observations.  Innes  obtains,  by  a  comparison  of  his  own 
observations  with  all  other  available  data,  the  following 
results : 

Epoch  of  max.  2415042.3 

Epoch  of  min.  241  5028.9 

Period  35''.5236 

Limits  3". 4  to  4\9 

An  irregular  and  ill-defined  secondary  max.  has  frequently 
been  observed. 

3569.  The  period  given  in  this  catalogue,  one  year,  is 
only  an  approximation.  From  October,  1898,  to  April,  1899, 
the  star  never  varied  outside  the  limits  7M.S  and  8M.0.  A 
similar  constant  period  was  observed  in  1896.  It  is  more 
than  probable  that  the  star  has  no  definite  regular  period 
of  variation. 

3637.  Both  the  period  and  amplitude  of  variation  are  sub- 
ject to  irregularities.  A  secondary  maximum  preceding  the 
primary  by  from  20  to  40  days,  and  1M.0  fainter  than  it 
has  frequently  been  observed.  One  striking  peculiarity 
about  this  variable  is  that  on  the  average  the  rise  from 
min.  to  max.  is  longer  than  the  fall  from  max.  to  minimum. 
In  some  light-periods  this  reversion  of  general  type  is  more 
marked  than  in  others.  This  is  usually  the  case  when  the 
secondary  minimum  is  very  pronounced. 

3663.  Rise  to  a  maximum  slow,  and  maximum  passage 
poorly  defined. 

3669.  Variation  regular:  ascent  to  maximum  more 
rapid  than  descent  to  a  minimum. 

." : 7 7  7 .  A  want  of  correspondence  between  the  computed 
and  observed  brightness  of  this  star  seems  to  indicate  that 
its  variation  is  irregular,  or  that  the  full  interpretation  of 
its  light-changes  has  not  yet  been  obtained. 

38  17.  The  Lovedale  observations  indicate  that  the  light 
of  this  star  has  been  practically  permanent  during  the  last 
decade.  The  observations  of  Finlay,  She.  Innes  and 
Makkwick  point  to  the  same  conclusion.  A  careful  com- 
parison of  all  the  meridian  places  of  the  star  was  made  in 
order  to  certify  beyond  doubt  that  the  same  star  has  been 
under  observation.     The  mean  place  for  1900  is, 


R.A. 
Decl. 


10"  41"'  10".79    ±09.04 
-59°     9'   31".3     ±0".2 


There  is  no  evidence  of  proper  motion  in  either  coordi- 
nate. 

3922.  Light-variation  \>m\  regular,  and  of  ordinary 
short-period  type.  The  rise  to  maximum  is,  however,  more 
rapid  than  is  usually  the  case  with  this  class  of  variable, 
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being  only  one-seventh  of  the  whole  period.  The  average 
r:iti<>  is  one-third. 

1056  Light-curve  regular;  ascending  period  nearly 
equal   to  dr  ■  .  Maxima    verj    imperfectly,   defined. 

l'ii  kering  finds  a  period  of  L62  days. 

li'Ki.     I.  ons  irregular.     The  rise  to  a  maxi- 

mum is  rapid,  bul  nol  continuous.  Innks  finds  minima 
more  distinctly  marked  than  maxima;  from  observations 
of  minima  he  also  deduces  a  period  of  •">•'!  days.  In  order 
to  connect  his  observations  with  those  made  a1  Lovedale  I 
have  taken  as  bhe  probable  period  52.5  days.  A  longer 
62  days,  would  satisfy  the  Lovedale  observations 
alone. 

1225.  Light-curve  very  regular.  Maxima  distinctly 
marked.  No  secondary  deviations  noticeable.  Ascending 
and  descending  variation  so  continuous  that  it  can  be 
aighl  lines. 

1260.  Variation  veryregular.  Maxima  distinctly  marked. 
As  the  star  approaches  maximum,  increasing  rate  of  varia- 
tion diminishes  until  within  20  days  of  maxima  it  is  almost 
equal  to  descending  rate. 

1364.     Light-variation  irregular ;  of  short-period  type. 

4415.     Light-variation  regular ;  of  short-period  type. 

1  129.  Variation  very  regular;  of  short-period  type. 
Ascending  rate  of  variation  considerably  above  average  rate. 
Maxima  ami  minima  very  distinctly  marked. 

I  188.  Light-curve  irregular.  Maxima  sometimes  flat 
and  poorly  defined  ;  at  other  times  sharp  and  well  defined. 
In  this  apparent  irregularity  the  star  has  much  in  common 
with  many  other  long-period  variables.  Between  9M.5  and 
minimum,  decreasing  and  increasing  rate  equal.  This, 
however,  does  not  always  hold  good. 

4536.  Variation  very  interesting.  Gould  suspected  it 
to  belom,'  to  the  Algol-class  of  stars.  It  conforms  more, 
however,  to  the  short-period  type  of  variation.  There  is 
evidence  of  secular  change  in  the  period  of  the  star. 

till  1.  Variation  very  irregular ;  an  almost  typical  ex- 
ample of  short-period  variation.  Maxima  sharply  defined. 
De  cenl   to  a   minimum   as  well  as  ascent  to  a  maximum 

LOUS. 

1896.      In  the  determination  of  the  elements  of  this  star, 

I  tie,  a  maximum  and  minimum  ob- 

!  by  Mabkwk  k  in  L894  have  not  been  included.      If 

tained,  the  resulting  period  is  91.5  days,  with 

the  probability  of  a  secular  variation.     Both  the  amplitude 

and    rate  of   variation   is   subjeel    to  slight  irregularities. 

Minima  are  more  distinctly  marked  than  maxima. 

1935.     Rise  to  and   fall   from  maximum   rapid.     Light- 
regular;   a  cending    rate  of  variation   only   slightly 
rapid  I  han  descending  rate. 
5096.     The  variation  of  this  star,  as  far  as  ob  erved  at 
ale,  is  very  regular.     There  is  a  well  defined  second- 
ary maximum  qua!  in  brightness  to  the  chief  max- 


imum.     The  secondary  minimum  is  also  well  defined.     The 
full  elements  of  variation  are  : 


Period 

Chief  max. 
Second,  min. 
Second,  max. 
( Ihief  min. 


569" 

2415131  = 

2415244  = 

2415330  = 

2  1 1  5533  = 


5.6 
9.0 

6.2 
11.8 


The  star  is  allied  in  type  to  L.  6417  according  to  Ixnks's 
investigation  of  the  variation  of  the  latter  (A.J.,T$o.  468). 

In  the  case  of  L.  0417,  however,  chief  min.  follows  chief 
max.  ;  while  in  the  case  of  U  Centauri  it  immediately  pre- 
cedes it.  The  range  of  variation,  64^  magnitudes,  is  much 
greater  than  the  average  range  of  long-period  variables. 

5099.  This  star  maybe  taken  as  a  good  example  of  a 
class  of  variables  distinct  in  character  from  the  ordinary 
short-period  type.  The  variation  is  within  narrow  limits, 
usually  half  a  magnitude,  very  rapid,  and  very  regular.  In 
the  present  case  the  variation  can  be  represented  under  the 
simple  form  : 

Mag.  =  7M.62  +  0".22  cos  (49°.6 1— M ). 

These  stars  should  more  properly  be  regarded  as  Algol- 
variables,  as  they  have  more  in  common  with  this  class  of 
variables  than  with  those  of  the  ordinary  short-period 
type. 

5192.  The  period  may  be  double  that  given  in  the  cata- 
logue, as  the  1898,  1899  observations  indicate  that  odd 
maxima  are  about  0M.2  brighter  than  even  maxima.  At 
maximum  the  rate  of  variation  is  rapid. 

5320.  Light-period  regular;  maximum  not  well  defined. 
Ascending  period  of  variation  nearly'  equal  to  descending. 

5396.  Maximum  not  distinctly  marked  ;  increasing  and 
decreasing  rate  of  variation  slow  and  apparently  equal. 
Decreasing  phase  irregular. 

ol(i.~>.  Light-curve  regular  and  of  short-period  type. 
Lovedale  observations  do  not  go  to  support  Dr.  Gould's 
opinion  that  the  increasing  phase  of  variation  is  longer 
than  the  decreasing  :  U.A.,  p.  260.  "  I  find  the  most  prob- 
able period  to  be  3'1  9h.35,  the  minima  preceding  the  max- 
ima by  about  48  hours."  The  variation  of  this  star's  light 
is  no  exception  to  the  general  law  of  short-period  variation, 
thai  the  increasing  is  of  shorter  duration  than  the  decreas- 
ing phase.  With  regard  to  the  period  Dr.  Gould  obtained 
two  sets  of  observations,  the  values  ."»>'  9h  21'"  and  3d  9h  19m.8. 
A  mean  of  the  two,  3d  9h  20"'. 4,  is  almost  identical  with  the 
period  resulting  from  a  discussion  of  the  Lovedale  observa- 
tions alone,  viz.  :  .'!''  9'1  20m.31.  This  would  indicate  that 
the  period  of  the  star  is  constant. 

5608.  Rise  to  and  fall  from  maximum  rapid;  near 
minimum,  rate  of  variation  less  rapid.  Maximum  not  dis- 
tinctly marked  ;   minimum  more  definite. 

5618.  Rise  to  and  fall  from  maximum  equally  rapid. 
Variation  very  regular;  maximum  distinctly  marked.    The 
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form  of  the  light-curve  can  be  practically  represented  by 
two  straight  lines. 

5682.  Light-curve  symmetrical  on  either  side  of  maxi- 
mum. As  is  the  case  with  many  of  the  southern  long-period 
variables  the  variation  of  this  star  can  be  represented  by 
two  straight  lines. 

If    t   =   days  to  or  from  maximum 
M  =   magnitude  at  maximum 
then  the  magnitude  for  any  date  can  be  fairly  well  repre- 
sented by  the  expression         Mag.   =   3I+Q*'.0o5t. 

5713.  Considerable  want  of  correspondence  between 
successive  light-curves.  The  mean  light-curve,  however, 
is  of  the  ordinary  short-period  type. 

5751.  The  light-curve  of  this  variable  is  apparently 
regular.  It  does  not,  however,  conform  completely  to  the 
ordinary  short-period  type,  as  the  star  is  almost  stationary 
at  its  maximum  for  about  twelve  hours.  The  remainder  of 
the  star's  variation  is  quite  regular. 

5823.  In  Ara  according  to  Stone's  Catalogue.  Obser- 
vations seem  to  indicate  that  alternate  minima  are  0M.15 
fainter  than  the  intermediate  minimum.  This  would  make 
the  period  19".S05.  The  variable  departs  considerably 
from  the  ordinary  type  of  short-period  variation,  the 
ascending  period  being  almost  of  the  same  duration  as  the 
descending  period.  It  conforms  more  to  a  type  of  varia- 
tion intimately  related  to  the  Algol-type  ;  that  is,  the 
immediate  and  predominant  cause  of  variation  is  the  ob- 
scuration of  the  light  by  eclipse.  In  ordinary  short-period 
variation  other  causes,  of  more  complex  nature,  operate  in 
producing  the  light-changes. 

5949.  The  light-curve  on  either  side  of  minimum  can 
be  represented  under  the  form  Mag.  =  m  +  at  +  /3t- 
where  m  is  the  magnitude  at  minimum,  and  t  the  time  to 
or  from  minimum.  The  light-changes  are  completed  in 
9h  12m.  There  is  no  stationary  phase  at  minimum,  and 
only  the  slightest  evidence  of  a  secondary  minimum.  This 
would  seem  to  indicate  that  the  occulting  star  is  practically 
dark. 

6050.  Variation  irregular.  At  some  maxima,  star  visible 
to  naked  eye. 

6062.  Amplitude  of  variation  irregular.  Ascending 
and  descending  periods  nearly  equal.  In  1896  the  in- 
creasing rate  from  8*.0  to  max.  was  only  half  as  rapid  as 
the  decreasing  rate,  through  the  same  position.  Loth  the 
increasing  and  decreasing  phase  are  continuous.  The  de- 
terminations of  the  position  of  the  star  are  : 

C.DM.  (1875)  16  Ls"4o>,  _30  23.2 

C.P.D.  16   is  40.2        30  22.6 

Hartwig  16    IS  40.0  -30  22     43.5 

Lovedale  16  48  40.4         30  22     42 

6071.  Light-curve  very  regular.  Ascent  to  maximum 
rapid.      Maxima  and  minima  very  sharply  defined. 


6170.  Ascending  rate  of  variation  only  slightly  more 
rapid  than  descending  rate.  Star  remains  stationary  at  a 
maximum  for  about  20  days. 

6275.  Light-curve  flat  at  maximum.  Ascending  rate  of 
variation  rapid  and  regular. 

6331.  Light-curve  regular  and  symmetrical  on  either 
side  of  maximum.  The  actual  maximum  passages  in  1898 
and  1 899,  however,  have  not  been  observed,  as  they  occurred 
when  the  star  was  near  the  sun.  Indeed,  it  will  not  be 
till  1905  or  1906  when  good  observations  for  the  determi- 
nation of  jieriod  can  be  secured.  Although  each  light- 
period  is,  }/<■!■  se,  very  regular,  there  is  considerable  differ- 
ence between  successive  light-curves.  Thus  in  1899,  the 
variable  took  four  months,  from  the  beginning  of  August 
till  the  end  of  November,  to  rise  from  11M.0  to  8M.6;  while 
in  the  preceding  period,  the  same  range  was  completed  in 
a  little  over  two  months. 

6370.  Ascending  rate  of  variation  more  rapid  than  de- 
scending rate.     Identification  difficult  near  minimum. 

6386.  Maxima  and  minima  limits  irregular.  Maxima 
distinctly  marked.  Period  given  in  the  catalogue  obtained 
by  relating  Lovedale  observations  to  those  of  West,  1896, 
and  Cordoba,  1899.  West's  period  of  19  days  will  not 
meet  Lovedale  observations.  General  features  of  light- 
curve  of  short-period  type ;  there  are  evidences,  however, 
of  secondary  maxima  and  minima. 

6429.  The  variation  of  this  star  is  exceedingly  remark- 
able. Evening  observations  taken  in  November,  1899, 
when  the  star  was  near  the  sun,  and  an  extended  series  of 
observations  was  not  possible,  seemed  to  confirm  the  shorter 
period  of  7'1  2Sm  suggested  by  Mr.  Innes.  More  continuous 
morning  observations,  however,  yield  the  longer  period 
now  given.  The  remarkable  feature  about  this  star  is  its 
rapid  rise  to  maximum.  In  lh  10'"  it  passes  from  its  mini- 
mum to  its  maximum  phase.  The  rate  of  increase  is  0s'. 1 
every  five  minutes.  After  maximum  passage  the  rate  of 
variation  steadily  slows  down  till  some  three  hours  before 
minimum  it  is  almost  stationary.  The  main  characteristics 
of  the  star's  variation  are,  however,  of  short-period  type. 

6500.  Variation  regular.  There  seems  little  difference 
between  the  ascending  and  descending  rates  of  variation. 
Maxima  usually  very  distinctly  marked. 

6546.  A  satisfactory  period  for  this  star  was  obtained 
by  (IciULD,  who  also  suspected  that  the  variation  was 
peculiar  in  character.     "  The  result  of  these  comparisons  is 

perplexing  in  the  extreme the  problem  can  only 

be  solved  by  an  extended  series  of  careful  observations  for 
which  there  has  not  yet  been  opportunity.  The  indications 
arc  that  the  star  fulfils  its  period  in  about  58  hours,  the 
minimum  preceding  the  maximum  by  not  more  than  a 
quarter  of  the  period,"  I'.A..  p.  288.  The  full  elements  of 
variation  arc : 
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Period 

( 'hid'  niin. 
Second,  min. 
Duration  of  chief  min. 
Duration  of  second,  min. 


2d  9"  58'   36   i 

L900  Jan.    3d  2"    2" 
4    G   47 

l-!  30" 
8      0 


["here  is  evidence  that  the  period  between  two  minima, 
primary  and  .  is  subjeel  to  slow  change.     As  the 

orbit  of  the  star  is  eccentric  a  progressive  change  in  the 
line  of  apsides  is  possible.  At  its  normal  brightness  the 
star  is  easily  seen  bj  the  naked  eye. 

6608.     Variation  irregular  as  regards  maximum  limits. 

ii-  months  of  its  full  period  the  star  is  below  11M.0  ; 

above  this  magnitude  the  increasing  rate  of  variation  is 

slightly   more   rapid    than   the    decreasing   rate.      Maxima 

very  distinctly  marked. 

6686.     The  variation  of  this  star  is  very  regular.     The 
light-curve  can  be  fairly  well  represented  under  the  form, 
Mag.  =  10\0  +  1».34  cos  (t .  2°.5-  .1/ 1 

+  0M.25  cos(*  5\()-Ar) 

6760.  Light-curve  regular.  The  variation  does  not 
fully  conform  to  the  short-period  type.  Concerning  this 
star  Gould  says  (U.A., p.  244)  —  "The  period  seems  sub- 
ject to  considerable  perturbations,  and  the  position  of  the 
minimum,  while  always  later  than  midway  between  the 
maxima,  appears  to  be  likewise  inconstant."  The  dates 
given  in  the  V.X.  when  reduced  to  a  mean  period  yield  the 
following  : 


Max. 
Min. 


Diff. 


2405138.5 
2405134.0 

4..". 


It  is  this  approximate  equality  of  ascending  and  descend- 
ing rates  of  variation  that  makes  k  Pavonis  an  exception 
to  the  ordinary  type  of  short-period  variation.  Although 
the  Lovedale  observations  place  minimum  passage  nearer 
the  succeeding  than  the  preceding  maximum,  still  the  type 
of  light-curve  resulting  from  the  observations  lacks  the 
essential  feat  arcs  of  the  mean  short-period  curve.  The 
following  determinations  may  be  of  interest : 

Comparison  of  Lovedale  mean  max.  with  (Jordoba 
mean  maximum  9d.0906 

C parison  of  Lovedale  mean  min.  with  Cordoba 

mean  minimum  9d.0914 

Period  from  Lovedale  observations  only      9d.0908 

The  accordance  bel  ween  these  results  is  testimony  to  the 
constancy  of  the  length  of  the  light-periods. 

6811.  Variation  very  irregular.  Ascending  and  de- 
scending periods  almost  equal.  The  ascending  phase  is 
cending.  There  is  some  diffi- 
culty in  securing  at.es  of  this  star's  light  from 
the  absence  of  faint  stars  in  it-  neighborhood. 

6900.  The  peculiar  variation  of  this  star  has  been 
pointed  out  by   Pickering  (A. N.  3362,  p.  26),  and   [nnes 


(A.J.  468,  p.  95).  There  is  apparently  no  regular  period, 
though  there  is  evidence  of  a  rough  cycle  of  eighteen 
months.  The  character  of  the  star's  variation  may  be  ex- 
hibited by  instancing  its  light-changes  in  1899.  It  rose 
i  eadihj  to  a  max.  of  8a.8  on  May  20,  falling  to  a  minimum 
of  1  l\l  On  duly  10.  It  was  10M.6  on  duly  30,  and  11».2 
on  Aug.  L'.").  Rising  to  10M.3  on  Sept.  10,  it  fell  again  to 
L0M.8  by  Sept.  30.  from  this  date  the  variable  rose  steadily 
toS\i;  on  Oct.  22.  A  succession  of  more  rapid  fluctuations 
took  place  till  the  star  was  lost  in  the  sun's  light.  At  the 
commencement  of  1900  the  star  was  evidently  rising  to  one 
of  its  chief  maxima.  The  extreme  limits  of  variation  are 
at  least  six  magnitudes  apart. 

7077.  Light-curve  regular.  The  ascent  to  a  maximum 
is  rapid  and  continuous.  Maxima  distinctly  marked.  The 
variable  was  observed  by  Lacaille,  and  since  the  star 
changes  rapidly,  his  observation  must  have  been  made  near 
its  maximum.  Two  or  three  more  determinations  of  max- 
ima will  enable  a  certain  relation  to  be  established  between 
present  observations  and  those  of  Lacaille. 

7121.  Variation  irregular  both  as  regards  form  of  light- 
curve  period  and  limits  of  variation.  In  1895  the  light- 
curve  was  of  a  very  simple  form,  the  increasing  and 
decreasing  rates  being  equal.  In  1898  and  1899,  however, 
the  increasing  rate  was  much  more  rapid  than  the  decreas- 
ing rate. 

7151.  Light-curve  very  regular.  Maxima  not  dis- 
tinctly marked.  The  variable  is  L.  8276,  which  Gould 
identifies  with  A.G.C.  27305.  Stone's  identification  of 
L.  8276  with  Cape  1880,  No.  10723,  is  in  error.  When 
Stone  observed  this  region  the  variable  was  near  min- 
imum. His  star,  10723,  is  Z.C.  2083.  The  position  of  the 
variable  and  its  neighboring  stars  are : 

(1875) 
L.  8276     A.G.C.  27305,  C.P.D.  8962     lo'so"  6*    -42°10.8 
A.G.C.  27306,  C.P.D.  8903  50  12  10.0 

S.  10723    Z.C.  2083,         C.P.D.  8964     19  50  34     -42    9.9 

7245.  Light-curve  regular.  Ascent  to  a  maximum  rapid. 
Maxima  sharply  defined.  The  ascending  portion  of  the 
light-curve  is  practically  a  straight  line. 

7266.  Light-curve  regular.  Ascent  to  a  maximum  rapid 
and  continuous.  Maxima  sharply  defined.  Close  follow- 
ing and  north  of  the  variable  is  a  star  10M.4,  and  some 
doubt  has  arisen  as  to  whether  this  star  or  the  variable  is 
C.DM.  -39°13722.  With  the  ring-micrometer  both  the 
stars  were  related  to  A.G.C.  277  19,  27778  and  27783.  The 
following  positions  were  obtained: 

Var.         (1875)  20  9m25*.0     -39°  29  45* 
*  Hi"  I  20  9  20.7     -39  29  25 

The  catalogue  position  of  — 39313722  is 

So'YW       -39°  29     0 
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which  agrees  more  closely  with  the  variable  than  with  the 
10M.4  star. 

7483.  Rise  to  a  maximum  very  rapid.  Star  rises  from 
II5'. 0  to  9M.0  in  16  days.  The  decreasing  period  through 
the  same  range  is  70  days.  The  light-curve  is  very  regu- 
lar, and  the  completed  curve,  based  on  measures  above 
11M. 2,  would  indicate  a  minimum  of  135'.0,  67  days  before 
maximum.  These  deductions,  however,  are  not  reliable 
enough  to  be  incorporated  in  the  catalogue.  They  are 
given  here  to  indicate  the  range  and  character  of  the  star's 
variation. 

7494.  Variation  above  11M. 0  regular.  Star  visible  in 
the  3^-inch  only  four  months  out  of  the  thirteen.  Ascending 
period  apparently  slightly  shorter  than  descending  period. 

7544.  Ascent  to  maximum  rapid,  increasing  rate  of 
variation  being  nearly  four  times  more  rapid  than  decreas- 
ing rate.  Light-curye,  especially  ascending  portion,  very 
regular.     Maxima  sharply  defined. 

7685.  Limits  of  variation  irregular.  Ascent  to  a  maxi- 
mum very  rapid.     Ix.nes  rinds  a  period  of  217.1  days. 

7813.  Variation  regular  and  rapid  towards  maximum. 
The  star  increases  in  brightness  from  115'.0  to  85'.0  in  about 
30  days.  Four  months  are  taken  in  decreasing  through  the 
same  range.  Maxima  sharply  defined.  The  position  of 
the  variable  as  determined  with  the  ring-micrometer  is : 

(1875)  21h  40"'  27».6 
-47°  29'    28" 

7994.  Light-curve  very  regular.  Ascending  period 
shorter  than  descending.  Star  increases  from  11". 5  to  8M.5 
in  about  one  month.  It  is  probable,  from  the  form  of  the 
light-curve  obtained  from  observations  above  115I.0,  that 
the  ascending  period  is  not  of  more  than  60  days  duration. 

8039.     Light-curve  very  interesting.     It  is  very  regular 


in  form,  although  the  amplitude  is  variable.  The  expres- 
sion : 

Mag.  =  m  +  a  cos  (2°. 5.1  t—M  | 

will  indicate  the  general  character  of  the  variation.  As 
the  above  formula  suggests,  there  is  little  appreciable  differ- 
ence between  the  ascending  and  descending  rates  of  varia- 
tion.    If  anything,  the  ascending  rate  is  more  rapid. 

8040.  Light-curve  regular.  Maximum  not  "well  defined. 
The  decreasing  phase  of  variation  contains  a  faint  second- 
ary maximum.  The  increasing  rate  of  variation  is  very 
rapid  ;  indeed,  relatively  to  the  decreasing  period,  the  most 
rapid  of  southern  long-period  variables.  The  star  increases 
in  brightness  from  ll51. 2  to  851.2  in  one  month  ;  six  months 
is  taken  to  decrease  through  the  same  three  magnitudes. 

8588.  Light-curve  somewhat  irregular.  Maxima  not 
sharply  defined.  Ascending  rate  of  variation,  on  the  aver- 
age, equal  to  the  descending  rate.  The  nearer  minimum  the 
star  is  the  slower  the  rate  of  variation. 

8593.  Variation  regular  so  far  as  observed.  Above 
11 5I. 4  ascending  rate  of  variation  slightly  more  rapid  than 
descending.  Maxima  not  distinctly  marked.  From  a  con- 
sideration of  the  form  of  the  curve  above  1 1M.0  the  mini- 
mum cannot  be  above  the  fourteenth  magnitude. 


sen:;. 

tion  are 


Variation  irregular.     The  full  elements  of  varia- 


Period 

Chief  max. 
Chief  min. 
Second,  max. 
Second,  min. 


151A2 
I'll  5058 
2415143 
2415169 
2415193 


Certain  full-light  periods  have  been  observed  without 
any  indication  of  a  secondary  max.  or  min.  taking  place. 
The  chief  max.  and  minima  are  also  affected  by  perturba- 
tions.    The  star  was  observed  by  Lacaille. 


I.     SUPPLEMENTARY   LIST    OF   STARS. 


The  following  list  includes  a  few  stars  that  have  been 
under  examination  for  some  time  at  Lovedale,  but  whose 
variation  is  either  unconfirmed,  or  not  confirmed  with  suffi- 
cient certainty  and  definiteness  as  to  warrant  their  incor- 
poration in  the  catalogue. 

Cncatalogued.  (854)  S  Horologii. 
R.A.  =  2'- 22'"  22"  ;  Decl.  =  —00°  l',2. 
The  variation  of  this  star  was  announced  by  1'ickering 
in  A.N.,  No.  3362,  p.  35.  The  period  is  stated  to  be  300 
days.  It  has  been  looked  for  13  times  in  1899,  but  without 
success.  It  is  probable  that  its  variation  is  so  rapid  near 
maximum  that  this  phase  has  been  missed. 

L  2916.      (27  42)    R  Puppis. 
It.  A.  =  7'1  37'"  O     ;     Decl.  =  —31°  25'.7. 
This  supposed  variable  is  the  brightest  star  in  the  clus- 
ter Her.  3094.     Gould  states  that  during  the  time  it  was 
under  observation  at  Cordoba  it  varied  between  the  limits 


6M.5  and  75'.4.  Yarnall  estimated  it  in  1869  as  .VI".  The 
star  has  been  observed  over  a  hundred  times  during  the 
years  1891-99,  but  no  variation,  such  as  that  stated,  has 
been  detected.  It  has,  perhaps,  varied  between  6M.9  and 
75'.2  ;  but  certainly  not  outside  these  limits. 

The  neighboring  star,  L.  2893.  which  Gould  also  sus- 
pected of  variation,  is  constant  between  the  limits  75l.O  and 
7". 2. 

L.  2999.     (2783)  5  Puppis. 
R.A.  =  7h  43m  50s     ;     Decl.  =  —47°  51 '.9. 

Lacaille  estimated  this  star  as  of  the  sixth  magnitude. 
Si o\ e  in  1876  made  three  observations  of  it.  noting  it,  also, 
as  of  the  sixth  magnitude.  It  is  possible,  however,  that 
Stone  simply  accepted  Lacaille"s  values.  Gould's  ob- 
servations make  it  variable  between  7". 2  and  9".0.  The 
star  has  been  regularly  examined  at  Lovedale  from  1891  to 
1899,  but  no  departure  from  75'.5  has  been  noticed. 
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L.  3001.     (2788)    F  Puppis. 

li.A.  =  ~"  It' '  U  ;  Decl.  =  —40°  24'.  1. 
Gould  states  thai  this  star  is  variable  between  6*. 5  ami 
7". 2.  I  >urii  .  ears  thai  I  he  stai  .  irregu- 
larly, under  observation  at  Lovedale,  il  has  nol  differed 
more  than  0".l  or  0*. 2  from  the  neighboring  star  L.  3015. 
Enten  d  in  the  CJ.A    as  7M.<». 

L.3910.     (3409)    .V  Riorum. 
R.A.  =  '.>>'  28™  11"     :     Decl.  =  — 56c  35'. 
This  star  was  suspected  of  variation  by  Goi  ld,  who  sug- 
i  .25.     I  have  been  unable  t<>  detecl  anj 
certain  variation  in  brightness,  although  1  strongly  suspecl 
variation   in   the  color  "I'   bhe   star.     Goi  i.i>  was  also  of 
opinion  that  the  color  changed.     Usually  it  appears  a  star 
of  a   bright   yellow  color;  at   times,  however,  it  seems  dis- 
tinctly of  a  dull  shade.     Because' of  this  apparent  variation, 
and  because  of  the  absence  from  its  neighborhood  of  good 
Comparison-stars,  estimates  of  its-  brightness  are  difficult  to 
make. 

I..  L156.  (3614)  J!  Velorum... 
R.A.  =  10>>  2«>  23-  ;  Decl.  =—51° 42'.  1. 
Dr.  Goi  i.n  says  (U.A.,  p.  276') :  ••  This  star  has  been  seen 
h\  Dr.  Thome  to  vary  from  the  mag.  « "> .1  to  71.  thus  putting 
its  variable  character  beyond  question."  I  am,  however, 
unable  to  confirm  its  variation.  It  has  never  been  observed 
outside  the  limits  7". 4  and  7*. 6.  Its  variation  is  much 
more  doubtful  than  that  of  N  Velorum. 

I..  416S.     (3633)    A'  Antliae. 
E.A.  =  10h  5m  27"     ;     Decl.  =  —  07-  14'.4. 
Dr.  Gould  found  this  star  to  fluctuate  between  6M.5  and 
8". 5,  and  gives  dates  i  U.A.,  p.  295),  at   which  these,  or  in- 
ediate  magnitudes,  i    ed.     En  the  C.P.D.  it  is 

entered  as  7  ".6.  IntheC.DM.il  is  marked  variable.  Profes- 
sor  Bailed  also,  in  his  ■•Southern  Meridian  Photometry," 
ds  the  star  as  variable.  The  star  certainly  varies  in 
brightness;  the  extreme  limits  apparently  being  7M.2  and 
\  though  a  large  number  of  observations  have  been 
secured,  I  am  una  ice  from  them  a  satisfactory 

period.     In  1900  a  systematic  effort   is  being  made  to  deal 
with  this  star. 

L.  1530.     (3908)    T  Ca; 
R.A.  =  in''  :,l"'  is-     ;     Decl.  =  -59    59'.2. 
\   series  of  observations  made  between   187J  and  1877 
i     \  .  i    256  .  bj  Thome,  seems  to  just 
that  the  star  is  variable  between   the  limits  CM'  and  6  .9 
T  Carinae  has,  however,  been  constant!; 
parison-star  for  (3922    I    •  irinae,  but  without  anj  evidence 
of  variation  equal   to  t1  Dr.  Thome.     'I 'hi 

certainly  does  not  vary  outside  the  limits  6". 7  ami   7M.0, 
ise  such  variation  would  be  at  once  manifest  in  the 
reduction  of  the  observations  of  V  Carinae. 


Uncatalogued.     (39S3)  US  Carbine. 
R.A.  =  ll1'  :'.'"  54-     ;     Decl.  =  — 61c  23'.6. 
In  A.N.  3320  tp.  llli.  l'n  kebing  states  this  star  to  be 

i  Nova.  Systematic  search  was  made  for  it  in  1898  and 
L899.  The  limit  of  the  3{--inch,  however,  is  11M,4,  and  it 
is  probable  that  the  variable  was  far  below  this  magnitude 
during  these  years. 

A.G.C.  19416.  (5134)  T  Lupi. 
R.A.  =  l-t1'  l.V"  43-  ;  Decl.  —49°  23'.5.- 
About  this  star  Dr.  Gill  states  in  the  introduction  to 
the  C.P.D.,  Annals  of  the  Cape  Observatory,  Vol.  IV,  p.  xi, 
••  Missing  in  four  sweeps  on  two  pairs  of  plates.  Perhaps 
doubtful  traces  on  M.  and  C.  in  the  original  zones  of  Cor- 
doba the  star  is  noted  red."  The  star  was  observed  at 
Lovedale,  5  times  in  1896;  5  times  in  1898;  32  times  in 
1899,  but  no  variation  greater  than  0M.3  or  0M.4  was  de- 
tected. Its  red  color  is  so  manifest  that  it  is  doubtful  if 
ever  the  star  will  be  photographed. 

L.  6077.  (5319)  R  Apodis. 
R.A.  =  141'  40'"  29s  ;  Decl.  =  —76°  15'.3. 
The  note  in  the  I*. A.  (p.  243),  about  the  variation  of  this 
star  is:  "The  variability  seems  beyond  question,  but  the 
pressure  of  other  observations  has  not  yet  permitted  the 
determination  of  its  period,  or  the  exact  limits  of  its  varia- 
tion. These  limits  are  not  nearer  than  5M.5  and  6K.2." 
My  observations,  which,  however,  are  few  in  number,  and 
very  irregular,  as  they  extend  over  eight  years,  do  not 
prove  a  variation  such  as  that  found  by  Dr.  Gould.  It  is 
possible  that  the  star  is  an  -^ZgroJ-variable.  I  think  the 
probability  that  it  belongs  to  any  other  class  is  remote. 

L.  6193.  (6402)  T  Triang.  Austr. 
R.A.  =  15''  0"'  24s  ;  Decl.  =  —0S°  20M 
Gould  considered  this  star  to  vary  between  the  limits 
7M.(>  and  7". 4.  in  a  period  of  about  one  day  (U.A.,  p.  260). 
Lovedale  observations  do  not  confirm  this  variation.  A 
great  many  observations  have  been  secured,  as  it  was  fre- 
quently observed  along  with  R  Triang.  Austr. 

It  is  possible  that  the  apparent  variation  may  be  really- 
due  to  position-error ;  this  would  be  fulfilled  in  a  period  of 
one  day. 

Uncatalogued.     (6101)  RT  Scorpii. 
R.A.  =  161'  50'"  488     ;    Decl.  =  —30°  40' 
The  limits  of  this  variable  are  given  by  Pickering  as  9". 2 
and  12".9.     It  has  never  been  seen  at  Lovedale,  although 
■  ilar  search  has  been  made  for  it.     I  am  convinced,  how- 
ever, of  the  reality  of  the  star's  existence  from  a  photograph 
of  the   variable  and    its  immediate   neighborhood  sent  me 
li\    Prof.  Pi(  kebing.     The  impression  on  the  photograph 
is   unmistakable,  but  no    star  is  visible   in    the  telescope, 
igh  all  the  other  stars  in  the  photograph  are  easily 
The  star  probably  rises  to  and  falls  from  maximum 
rapidly. 
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C.DM.  35°11829.     (6324)    -  Scorpii. 
R.A.  =  17h  35"'  41*     ;     Decl.  —35°  ll'.S 
Pickering  notes  this  star  as  varying  between  the  limits 
10M.7  and  11 M. 6.     lam  unable  to  confirm  its  variation,  as 

during  all  the  time  it  was  under  observation  in  1S99,  it 
never  became  invisible  in  the  3^-ineh  telescope,  the  limit 
of  which  is  considered  to  be  11  ".4. 

Uncatalogued.     (6806)   S  Cor.  Australia. 
R.A.  =  IS1'  54'"  26s     ;     Decl.  =  —37°  5'.3 
The  variation  of  this  star  is  said  to  be  between  the  limits 
<9".5   and   13". 0.     It  has   never  been  seen  at  Lovedale, 
although  it  has  been  frequently  searched  for. 

Uncatalogued.     (6812)   T  Cor.  Australia. 

R.A.  =  18h  55m  14«     ;     Decl.  =  — r.T0  6'.4 

The  variation  of  this  star  is  said  to  be  between  the  limits 

<9M.3  and  13s'. 0.     It  has   never  been  seen   at   Lovedale, 

although   its  proximity  to  (6811)   R  Cor.  Australia    would 

make  it  an  easier  object  to  pick  up  than  the  preceding  star. 

A.G.C.  30765.  (8093)  B Indi. 
R.A.  =  22"  2Sm  53s  ;  Decl.  =  —  GV  48'.3 
In  the  Cordoba  Zone  observations  Gould  found  this  star 
to  vary  in  magnitude  between  9M.0  and  lP'.O.  Its  variation 
has  not  been  confirmed  at  Lovedale.  although  irregular 
observations  have  been  made  of  the  immediate  neighbor- 
hood of  the  star  since  1892. 


A.G.C.  3141-7.     (8302)    Y  Sculptoris. 

R.A.  =  23h  3"»  40»     ;     Decl.  =  —30°  40'.5 
Pickering  considers   this   star   irregularly  variable   be- 
tween the  limits  8\0  and  8M.9,  A.N.,  No.  3362,  p.  36. 

In  A.J.,  No.  395,  p.  88,  West  gives  observations  con- 
firming the  variation  between  the  limits  7M.7  and  8M.4. 

Lovedale  observations  made  in  189S  and  1899  indicate 
variation  between  7M.7  and  8M.8  in  a  period,  roughly,  of  9£ 
months.  The  observations  are  not  numerous  enough  to 
indicate  a  full  light-curve,  and  so  this  star  is  not  included 
in  the  catalogue.     Its  variation,  however,  is  beyond  doubt. 


These  stars  are  only  a  few  of  those  observed  here. 
They  are  also  only  a  small  portion  of  the  total  number  of 
stars  south  of  —30°  either  suspected  of  or  proved  variable. 

If  we  take  the  stars  in  the  Zone  Catalogue  with  dis- 
cordant magnitudes,  or  the  stars  whose  magnitudes  differ 
considerably  in  different  magnitudes,  and  also  the  stars 
suspected  by  Gould,  Thome  and  Gill,  then  the  total  num- 
ber of  suspected  stars  south  of  —30°  will  lie  between  two 
and  three  hundred. 

There  is  abundant  material  here  for  the  best  energies  of 
many  observers. 


OBSERVATIONS   OF   COMET  h  1900  {brooks), 

MADE     AT    THE    CHAMBERLIN    OBSERVATORY,     UNIVERSITY    PARK,     COLORADO, 

Br  CHARLES   J.  LING. 


The  following  observations  were  made  with  the  Bruce 
Micrometer  on  the  twenty-inch  equatorial.  The  magnify- 
ing power  was  two  hundred.  The  right-ascension  obser- 
vations are  chronographic,  and  the  declination  bisections 


were  made  while  the  object  was  drifting  through  the  field. 
Dr.  J.  G.  Porter,  of  Cincinnati  Observatory,  was  kind 
enough  to  furnish  the  places  for  those  stars  whose  declina- 
tion exceeded  80°. 
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ON     THE     ASSIGNMENT    OF    THE    NOMENCLATURE    AND    THE 
OF  A  NEW  CATALOGUE  OF  VARIABLE  STARS. 


FORMATION 


No  i  more  fully  or  with  more  regret  than 

the  undersigned  the  inconvenience  and  danger  of  confusion 
attending  the  prolonged  delay  in  the  assignment  of  the 
nomenclature  to  the  rapidly  increasing  list  of  new  unnamed 
variables,  and  in  the  publication  of  a  new  catalogue;  or 

ibilitj  for  the  blame  of  allowing  these 

matters  to  fall  into  desuetude.     It  has  been  his  hope  to 

continue  the  work  by  the  preparation  of  a  Fourth  Catalogue 

long  ere  this,  but  the  pressure  of  other  tasks  and  avocations 

have  been  su  event  its  fulfillment  up  to  the  present 

time,  and  would  postpone  it  now  to  an   extent  that  cannot 

for  an  idered  or  tolerated.     He  must  there- 

:  k,  reluctantly  in  one  sense,  but  cheerfully 

i,,  another,  into  tin-  hands  <>f  some  one  who  is  willing  and 

etent  to  take  it   up.     It.  is  a  work  demanding  such 

punctiliousness  and  complete  and  instant  conversance  with 

no  cue  who  is  distracted  l>.\  other  subjects  to 

a   large  extent    can  perform  it   properly;    far  less  can   it  be 


done  at  second  hand,  or  by  superintendence,  or  by  commit- 
tee, except  in  a  slovenly  manner,  worse  than  its  not  being 
done  at  all. 

Dr.  Haetwig  has  shown  such  unremitting  interest  in 
the  subject,  lias  the  requisite  details  so  fully  in  hand  and 
mind,  and  is  so  eminently  the  one  to  whom  we  can  look  for 
the  continuance  of  this  work,  and  its  maintenance  at  the 
high  standard  set  by  Schonfeld,  that  it  is  to  be  hoped  he 
will  feel  disposed  to  take  it  upon  his  hands.  If  so,  the 
■  I, ,u rim!  will  unhesitatingly  adopt  any  notation  that  lie  may 
assign,  to  variables  at  present  unnamed  or  hereafter  dis- 
covered,  according  to  established  rubrics;  accepting  his 
interpretation  of  the  same  as  authoritative,  without  demur 
or  criticism;  and  in  fact,  cheerfully  extend  to  him  the 
courtesy  in  such  matters  that  has  so  long  been  extended  by 
him  and  others  to  the  undersigned,  who  is  deeply  sensible 
of  and  grateful  for  it. 

S.  C.  Chandler, 


CONTEXTS. 
i  u\  Variabli    Stabs,  b\  Alexander  \v.  Roberts. 

Observat i  omi  i   '  L900  (Bb %s),  i-.v  Charles  J.  Ling. 

i>\  the  Assignment  of  the  Nomenclati  bi    \\n  the  Formation  oi    \  Neth  Catalog!  e  oi    Variable  Stars, 

r.v  S.  C.  Chandler,      
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SECULAR   PERTURBATIONS   OF   THE    EARTH  BY   THE   ACTION"   OF    YllXTS, 

By  ERIC   DOOLITTLE. 


The  computation  by  Gauss's  method  of  the  secular  per- 
turbations of  the  Earth  arising  from  Venus  is  of  special 
interest  on  account  of  the  slow  convergence  of  the  per- 
turbing function  for  this  case.  Mr.  E.  T.  A.  Ixxes  has 
effected  the  computation  by  Dr.  Hill's  second  modifica- 
tion of  Gauss's  method,  using  tables  prepared  by  himself 
{Monthly  Notices,  Vol.  LIU,  p.  353).  Though  Dr.  Hill's 
second  method  is  perhaps  somewhat  shorter,  I  have  pre- 
ferred in  all  cases  to  use  the  first.  This  is  because  the 
auxiliary  tables  both  of  Mr.  Ixxes  and  of  M.  Callaxdiieau 
for  use  with  the  second  method  have  been  computed  with 
but  seven-place  logarithmic  tables,  so  that  the  seventh 
decimal  of  these  tables  is  necessarily  uncertain,*  while  on 
the  contrary  those  of  Dr.  Hill  for  use  with  the  first  method 
were  computed  with  ten-place  logarithms  and  published  to 
eight,  thus  making  the  eighth  decimal  entirely  accurate. 

It  is  of  interest  to  compare  the  results  of  so  long  a  com- 
putation with  those  obtained  by  Mr.  Ixxes  from  the  same 
elements.  It  will  be  seen  that  the  final  values  of  dp  and 
dq  differ  by  one  unit,  and  edir  by  eight  units  in  the  sixth 
decimal,  while  the  values  of  dL  differ  by  two  in  the  sixth 
significant  figure.  There  is  an  error  in  the  latter  part  of 
the  work  of  Mr.  Ixxes,  which  arises  from  errors  in  A["  and 
7?1;'1  in  the  computation  of  de.  I  have  computed  from  my 
own  results  the  quantities  which  Mr.  Ixxes  designates  by 

/,'  ami  S  ,  and  find  them  substantially  correct,  though 
r     °         r 

the  last  two  significant  figures  differ,  probably  on  account 
of  the  inaccuracy  of  the  auxiliary  tables  to  the  second 
method.  The  resulting  values  of  i  .lj"  and  B'c)  are  ap- 
proximately +0.010 173  7833  and  -0.000  170 65835,  respec- 
tively, which  very  accurately  satisfy  the  test  equations 
arising  from  the  constancy  of  the  major  axis. 

I  have  also  repeated,  by  Dr.  Hill's  second  method,  the 

*The  tables  of  Cali.axukeai   contain  but  six  decimals. 


latter  part  of  Mr.  Ixxes's  computation,  from     -  i?    to  the 

r 

end,  using  the  values  of  the  auxiliaries  given  by  Mr.  Ixxes. 
The  resulting  values  of  dp,  dq,  dw  and  dL  are  substantially 
as  he  has  given  them,  but  de  is  found  to  have  the  value 
+0".013476,  which  agrees  quite  well  with  that  given 
below. 

The  elements  are   from  Dr.  G.  W.  Hill's  "New  Theory 
of  Jupiter  mid  Saturn,"  pages  192  and  554. 

Venus. 

w>  =  129  27    12. s:; 
V  =      :;  i_*;;  35.0] 

fi'  =  7r>  l;i  53.08 

e'  =  0.0068431  1 

n>  =  2106641".357 

log  «'  =  9.8593378 

m>  =  1-^-408134 

Epoch.  1850.0  Greenwich  Mean  Time. 

The  values  of  the  preliminary  constants  are  as  follows  : 


The  Earth. 

7T 

= 

100  21   39.73 

( 

= 

0     0     0.00 

a 

= 

_     _ 

e 

= 

0.01677114 

n 

= 

1295977".416 

log  a 

= 

0.000  (M 

in 

= 

1-^327  000 

/  =       ::  23  35.01 

log  k  =     ^9.999  1 999 

//  =     25     1    16.65 

log/.-'=    p9.9997387 

//'=     54     7  49.75 

log  c    -     p5.3891826 

K  =  330  56   is.:;) 

1000  X''=    +0.024500932 

K'=  380  :>l     .-..12 

The  mint  of  the  Earth  was  divided  into  twelve  parts 
with  regard  ti>  the  eccentric  anomaly,  and  the  functions 
computed  as  in  the  following  tables.  The  roots  G,  a'  and 
G"  were  computed  by  the  formulae  of  Dr.  Hill's  second 
method,  to  make  the  comparison  with  the  work  of  Mr. 
[nnes  more  convenient,  and  they  were  tested  1>\  the  equa- 
tions of  the  first  method.  This  work  was  not,  repeated,  but 
the  rest  of  the  computation  has  been  duplicated  from  the 
beginning. 
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I  II  E      \  ST  RONOMICAL     .10  0  B  \  A  I.. 


N"    1:1:: 


E 

r 

r 

.1 

log  B 

£ 

/• 

<r 

0 

0 

0 

0.00 

0.983228  860 

l.los  11:1:1 

9  853  7612 

331 

0     3.89 

0.499  17433 

0.07950558 

30 

30 

29 

2.39 

0.985  IT.'.  766 

l.;.o|  1  L382 

:i.s.-,  101  12 

l 

19    16.170 

0.501  36310 

0. oso  70:;:;:; 

60 

60 

50 

-  59 

0.991  61  1  130 

1.51  L84369 

9.856  764  1 

31 

34  37.20 

0.50493973 

0.082  62793 

90 

'.HI 

."'7 

L.OI 0  000 

L.527  86583 

9.859731  1 

01 

38  57.20 

0.5092804  1 

0.0s  l  65948 

L20 

L20 

19 

13.50 

L008385  570 

L.539  74201 

9.8626537 

91 

29  35.875 

0.51323917 

0.08634022 

1 :..  1 

1 51 1 

28 

37.29 

L.OI  1524  234 

1.547  23847 

9  864  1870 

121 

8    13.24 

0.51573799 

0.087  11009 

180 

180 

0 

11.0(1 

1.016771  1  W 

L.548  24407 

9.864  5724 

150 

13  29.1  1 

0.51607319 

0.087  68573 

210 

209 

31 

22.71 

L.OI  152  1  234 

1.542  13719 

9.862  9682 

180 

22  35.176 

0.51  1  13756 

0.08700647 

240 

239 

in 

16.50 

l.di is. -is:,  .-,71 

1.531  12595 

9.860  3568 

210 

1 2     5.09 

0.510  16715 

0.08536569 

270 

269 

•  • 

20.54 

l  01 1000 

1.51826327 

9.857  6205 

240 

13   17.66 

0.50607959 

0.08309965 

300 

200 

9 

:.l.l! 

0.991  61  1  129 

1.50652764 

9.8554195 

270 

23  50.222 

0.502  16772 

0.08090038 

330 

329 

30 

57.61 

0.985  175  766 

1.49931255 

9.854  0767 

300 

40  21.95 

0.499  76268 

0.079  54648 

v 

'.II  Ml 

0 

0.00 

6.( KKKKMI 

9.139  23085 

9.153  5280 

1085 

23  41.417 

3.046  36129 

0.502  42553 

\ 

1080 

0 

0.00 

6.000  000  000 

9.139  23113 

9.1535280 

905 

23  41.396 

3.046  36136 

0.50242550 

E 

''i 

0t 

G 

G> 

G" 

1000  X  (j 

e 

0° 

0.002738  0635 

7 

0  55.62 

0.97594422 

0.522  184  505 

0.000  00579 

0.002  936  41S 

47 

1 

10.84 

30 

0.002320  0483 

.-> 

48  28.79 

0.98353171 

0.520557  558 

O.000  00004 

0.000006  753 

46 

40 

41.61 

60 

!  7893068 

1 

19   L3.62 

0.99543723 

0.519  388  564 

0.000  00667 

0.003  473  631 

46 

14 

52.33 

90 

o.ool  377  0128 

3 

12  16.55 

1.00773136 

0.520128  988 

0.000  01898 

0.009  946  1 20 

45 

:u: 

31.27 

120 

0.001  1340363 

•■ 

33  43.11 

1.01774388 

0.521998  108 

0.000  02454 

0.013  007  536 

45 

11 

2.",. 02 

150 

1 9732049 

•> 

0  29.4  1 

1.02406979 

0.523162060 

0.00001795 

0.009615  238 

17, 

37 

23.13 

ISO 

10  846  1697 

1 

52     5.43 

1.02571566 

0.522  500  S36 

0.00000592 

0.00:;  1  10184 

45 

32 

21.65 

210 

0.000  852  9468 

1 

54   16.46 

1.02173849 

0.520  671  148 

0.00000000 

0.000  000  562 

45 

32 

50.17 

240 

o.ool  1449685 

•  1 

37  52.10 

1.011  99593 

0.510411  640 

0.000  00600 

0.003  259  143 

45 

45 

34.89 

270 

(i.ool  729  9249 

4 

s  28.42 

0.998  28868 

0.510  90S  638 

0.00001853 

0.009  581  104 

46 

11 

45.77 

300 

0.002  3843853 

.-> 

.-,c,  51.93 

0.98  1  67983 

0.521  SI7S51 

0.00002I  19 

0.012  589  278 

46 

43 

7.27 

330 

0.002784  L227 

7 

7     11'  77, 

0.97615654 

0.523  149  586 

0.000  01807 

0.009  256115 

47 

3 

3S.S3 

V 

0  010037  2301 

24 

20  41.81 

6.01151675 

3.127  640  513 

0.000  07350 

0.038406190 

277 

•_> 

0.00 

y 

d.olOo:;7  26,o4 

24 

20  42.41 

6.011  7, 1  07,7 

3.127  640  978 

0.000  07357 

0.038  406192 

277 

2 

0.08 

E 

log! 

log?'                  L.gU 

logiV                  logP 

logQ 

logF 

J'i 

0 

30 

60 

90 

120 

150 

180 

210 

240 

270 

300 

330 

0.261   17  is:; 
0.256  83878 
0.251  22(17  1 
0  2 17 o7 162 
0.24  1  70700 
0.24322990 
o.2  12  17.",  15 
0.242  30579 
0.24496050 
0.250  55055 
0.257  37182 
0.261  012  16 

0.607  70606,     0.7, 17  756:;  1 
0.60207812    0.7,11  10017 
0.7,0.-,  13848    0.7,:;:;  00  Iso 

0.59 160    0  52828039 

0.587  07937     0.525  07272 
0.58524987    0.52306751 
0.58394092    0.521  63264 
0.5SI  I  o|02     0.521  SI  2  12 
0.58739327     0.525  11673 
0.59430993    0.532994  10 
0.602  73603    0.5  12  21017 
0.60833646    0.54834645 

0.262  6  127      OS01  5SI6 
0.2549482     0.871  1405 
0.2468811     6.8459860 
0.2120122     0.8253429 
0  240  1872     0.8122693 
0.2  lo  2  iso     0.8048244 
0.210077,6     0.801  07,7  1 
0.2408209     0.8062462 
0.24  1  1 116     0.821  1721 
0.251  6543    0.847  4359 
0.2600985     0.8762226 
0.2649132     0.894  1017 

0.820  9715 

0. so:;  67,00 
0.7S2  766,1 
0.766  0606 
0.757  0  I  13 
0.752  0702 
0.77,0  67S7 
0.753  20.;.-, 
0.76  16760 
0.785  3845 

O.SO0O11S 

0.8237321 

O.S2O06S7, 

0.803  6589 

0.7S2  762S 
0.766  0602 
0.757  S002 
0.752  070  1 
0.750  6758 
0.75:;  2935 
0.7646739 
0.7S53752 
0. SOS  0004 
0.8237229 

(1.522  S62  677 
0.521  939851 
0.7,21  368  165 
0.521  72:;  103 
0.522632  205 
0.523191  641 
0.522  S62  Si  17 

0.7,21  oos6s;; 
0.521377  068 
0.521  675  610 
0.522  5S2  150 
0.523  186  451 

Sy       1.50190834 
1        1.50190910 

;;.5610S503     3.10500040     1.1016267     5.049  4920 
3.56408590    3.19600034     1.4046277     5.0494936 

1.6860163 
4.6860179 

1.6859796 

4.6859811 

♦3.133  611871 
*3.133  611870 

'The  term  in  '.'    has  been  removed. 
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E 

J2 

J« 

F2 

F3 

-•Bo 

S0 

0 
30 
60 

90 
120 
150 
180 
210 
240 
27(1 
300 
330 

-0.003  or,:;  2731 

-0.000  733  6503 
+  0.002  450  4401 
+0.Q050835797 
+  0.(105  834  5100 
+  0.004  42:;  4178 
+  0.001738  6808 
-0.000906  9972 
-0.002  685  9269 
-0.003  598  7loo 
-0.0040331250 
-0.0040263352 

+  0.012  629049 
+  0.024  877  829 
+0.030338  229 
+0.027547130 
+  0.017  252  379 
+  0.002212  171 
-0.013542  647 
-0.025791387 
-0.031251  723 
-0.028460585 
-0.018165873 
-0.003126030 

+  0.001237  2987 
-0.000059  3369 
-0.001345  7284 
—0.002  277  1885 
—  0.002  6041325 
—0.002238  9562 
-0.001279  5084 

+  0.0 »17  1 1'  7  1 

+  0.001303  5189 
+0.002234  9789 
+  0.002  5619225 
+  0.002196  7464 

+0.000065  35471 

-0.00000196302 
-0.000005  70449 
+0.00005916590 
+0.000128  85901 
+  0.000  i;;i  2C042 
+  0.000009  88985 
-0.000000  59748 
-0.000007  8744:; 
+0.00005404190 
+  0.00012215392 
+  0.000127  77090 

1.8283274 

1.7S9S617 
1.753  5729 
1.736  7356 
1.7362036 
1.73S6892 
1.7361351 
1.733  7538 
1.744  2502 
1.774  7204 
1.815  1792 
1.840  2326 

-0.010  644  424 
-0.00.5 109  52(1 
+  0.005  420  211 
+0.014  194077 
+  0.016  510  300 
+  0.O10  700  75s 
+  0.001682  926 
-0.005029  615 
-0.006  981624 
-0.006  225  120 
-0.006714245 
—0.009613  070 

^ 
^ 

+  0.000  2413059     -0.002  740583 
+  0.000  2413048      -0.002  740  574 

-0.000126  6292  ;    +0.000  372  67857    |  10.613  9684 
-0.000126  6289,    +0.000  372  67861       10.6139933 

-0.000  726  856 
-0.000  722  505 

E 

»r, 

1  sin  /■;.  fl<»> 
a 

1  .  S' " 
a 

7?    sin  >■ 
-(-(cos  v-\-co$E).  Sfl 

U0COSl!  + 

(  a  sec'2f +1  ) 
.  sin  o  S, 

sin  (r+Jr) .  11',, 

COS  (f+T)  .  II",, 

--■*„ 
a 

0 

30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
:;:;o 

+  0.08413477 

+  0.158  28193 
+0.183  93250 
+0.16147390 

+  0.099  63433 
+  0.013  38361 
-  0.075  83153 
-0.14614352 
-0.181  83297 
-0.173  24740 
-O.11610019 
0.019  829S5 

-0.908  1200 
-1.5314810 
-1.7367356 

-1.4910928 
-0.856  8990 

+  O.S54  40(15 
+  1.4980034 
+  1.7747204 
+  1.5855471 
+  0.933  6770 

-0.010825  990 

-0.005 is l  831 
+  o.oor,  466  048 
1-0.01  1404  077 
+  0.016373  004 
+  0.010  00(1704 
+  0.001  655  K17 
-0.004  957  609 
-0.006  923  567 
-o.ooc,  227.  120 
-0.006  771  025 
-0.009  754  749 

-0.0212888 
-0.01(1  S211 
-1.525  9137 
-1.736  7344 
-1.507  5995 
-0.875  4611 
-0.003  3658 
+  0.8630786 
+  1.5048615 
+  1.774  5751 
+  1.578  6949 
+  0.916  9364 

+  1.828  3274 
-+  1.537  3039 
+  0.8639706 
-  0.000  1 389 
-0.861  2810 
-1.502  27,00 
-1.7361351 
-1.503  6464 
-0.881  8403 
-0.017  3138 
+  0.896  3895 
+  1.595  5426 

+  0.082  762S6 
+  0.11973727 
+  0.05928500 
-0.03170097 
-0.06561473 
-0.012(1(200 
+  0.07459502 
+  0.112  1  1236 
+  0.06358327 
-0.02829602 
-0.07388837 
-0.018  61936 

-0.01513166 
-0.10351881 
-0.17411620 
0.15833153 
-0.07497804 
-O.O04  39303 
-0.01363832 
-0.093  71241 
-0.17035373 
-o  17092102 
-0.08955312 
-0.00682218 

1.797  6643 
1.7638656 
1.738  8680 
1.736  7356 

1.77,0  7(120 
1.70:;  9423 
1.765  2520 
1.758  9352 
1.758  8768 
1.774  720  1 
1. SOO  2552 
1.813  5046 

V 

—  1 

V 

O.OOil  00309 
-0.00608133 

+  0.0609767 

+  o.o(U1087 

-0.001  026  363 
-0.001  021  537 

+0.025  3S85 
+  0.025  5735 

+  0.109  4311 

+  O.1O0  10(15 

+  0.140  72305 

+  0.14002110 

-0.537  77107 
-0.53769898 

10.611  6792 
10.61  1  7037 

The  equation,     sin  ,/ .  ±A\~'  +  cos  q  .  //;'    =  o      is  found 
to  give  the  residual, 

-0.000  000  008  3 

If  the  value  of  in'  is  left   indefinite,   the  values  of  the 
differential  coefficients  are  as  follows  : 


+        5503.0089 


dx~\  =  f_^_  ,  =    4-1409586.4        m 


UUo  l_'"J 


L^Joo= 
|_  dt   Joo= 

E 
[ 


=   +     ;;o:;ss.s:i2 


*f\  =  -  116164.73 
it  Joo 

dLl  _ 


+•4584354.6 


log  roeff. 
p3. 740  (1002 

y-0. 140  001  7 

/.I.IS2  71  lo 

,/5. 0115  07  1:; 

p6.661  27S2 


If  the  above  value  is    substituted  for  m',  there   finally 
results  : 


[    ' 
[ 


+   0.013  183339 
+   3.4537341 


-£.1  =    +    0.074  457  011(1 
dt  Joo 

dql 
It    Joo" 

dLl 
.  dt  Joo 


0.284  62399 
+  11.232473 


The  comparison  with  the  results  of  LeVerrier,  New- 
comb,  Hill  and  Ixnks  is  as  follows,  the  results  all  being 
reduced  to  the  above  value  of  m ' : 
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■■■ 

'It  Joo 

dLl 

'ft  Joo 


l.i  \   i   RRI1   R 

+  0.013  I  I 
+  0.057  96 
+  O.dTI  50 
-  0.28454 
+11.229  8 


\  l  u  .  ..mi; 

■  n  013  18 
0.057  92 
0.07  l  16 

-0.284  62 


+  0.074  1329 
-0.2845280 


i  \  \  i  - 
[+  0.013156] 

+  0.057  915 

+  0.074  459 

-   0.284  623 

+11.232490 


Method  of  Gai  ss 
+  0.013  L833 

+  0.057  923] 

+  0.074  1580 

-  0.284  6240 

+  11.232  173 


VObservatoirt  A  Paris,  Vol.  II,  p.  59,  and  IV.  pp.  11-12.        <*>  "New  Theory,"  pp.  511-512. 
Si     \lar  Variations  ofth(  Orbits  of  the  Four  Inner  Planets,"  pp.  336  and  377. 

• .  *.  natory,  1901  January  I. 
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HANSEN'S  LUNAR   TABLES, 

By  A.  HALL. 

The  numerical  work  of  these  tallies  appears  to  have  been 
.  Lth  remarkable  accuracy)  and  the  author  must  have 
m  accomplished  computer.     It  is  surprising,  there- 

| that  alter  a  few  years  the  moon  should  have  departed 

so  decidedly  from  this  theory.  The  coefficients  stand  the 
test  of  revision  so  well,  and  their  agreement  with  those  of 
other  theories  is  so  good,  that  one  is  inclined  to  look  else- 
where for  the  trouble.  Perhaps  an  astronomer  who  had 
access  to  Hansen's  manuscripts  might  discover  some  over- 
sight. Apparently  it  needs  but  a  small  change  to  make 
these  tables  right.  The  method  of  deducing  values  by 
comparison  with  observations  may  be  justified,  since  we 
cannoi  prove  the  convergence  of  all  the  series. 

It  may  be  worth  while  to  point  out  a  small  discrepancy 
indicated  by  recent  investigations.  This  is  in  Hansen's 
determination  of  the  mass  of  the  earth.  If  this  mass  were 
known  we  i Id  determine  the  solar  parallax  by  the  form- 
ula, 

„-  =  609".50  X'V-V 

Denote  In    If,  ■■■'■  •"'■  the  masses  of  the  earth,  moon  and 
sun;  and  by  a  and  a',  the  semi-major  axes  of  the  orbits  of 
have 


f.     M  +  m 


where  u  is  the  rati  ean  motions  of  the  earth  and 

..  or 

u  ==  -  =  0.07543826 

// 

In  his  tables  Hansen   finds  thai   the  ratio      ,  must   be 
multiplied  by   1.03573,  in   order   to   satisfy  observations. 

Hence    Log-    =7.4034757,     becomes  7.4187223. 
a 

101  j  i  y  ■".. 


From  the  above  value  of  this  ratio  we  have 
1  + 


M 


we  find 
=   319455 


be  taken  for  the  unit  of  mass,  the  earth's  mass  is 
1 


319455 

a  result  which  differs  from  the  value  given  by  the  secular 
perturbations  of  the  planets.  Computing  the  solar  paral- 
lax from  this  value  we  have 

it  =  8".9159 

a  value  which  was  soon  confirmed  by  other  determinations. 

If  the  mass  of  the  earth  from  the  secular  perturbations  is 

1 


333500 

the  solar  parallax  is 

■k  -  8".789 

agreeing  with   recent   determinations. 

Another  point,  and  perhaps  ;m  essential  one,  concerning 
which  Hansen  was  led  into  error,  relates  to  the  records  of 
the  ancient  eclipses.  Thus  the  eclipse  of  Stiklastad,  in 
L030,  has  been  shown  by  recent  historical  writers  to  have 
happened  a  nimitli  alter  the  battle  to  which  Ha\si\  re- 
ferred it.  The  equations  of  condition  designed  to  adjust 
the  tables  td  observations  should  be  examined. 

It  is  to  be  hoped  that  the  error  in  Hansen's  Lunar 
Tables  may  be  discovered,  and  that  i  hese  tables  will  remain 
a  monument  to  one  who  devoted  his  life  so  completely  to 
i  i  i .  ■<  1 1  e1  ical  a  il  ronomy. 
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SUXSPOT   OBSERVATIONS, 

MADE    AT    HKRWYX,    I'E.VXA.,     Willi    A    4f  IX(  II    REFRACTOR, 

By  A.  W.  QUIMBT. 
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OBSERVATIONS   OF   MINOR    PLANETS, 

M  \l,l     Willi     Mil     18-INCB    1  .t,n    LTORIAL,    FLOWER    OBSERVATORY,    I  M  \  l:l:sl  T  V   OF    PENNSYLVANIA, 
Bl    HKNUY  B.  EVANS. 
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Mean  Places  for  1898.0,  1899.0,  1900.0  of  Comparison- Stars. 
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5 

10  13 

45.18 

+  3.10 

+  21 

27 

54.9 

-15.2 

»       3988 

6 

10     6 

4C.47 

+  3.11 

(  +6.18 
-    +6.20 
(  +6.22 

+  2" 

52 

3.0 

-13.6 
(  +21.3 

•  +21.5 
(  +21.7 

"           "            "       3958 

7 

2  52 

16.81 

+  39 

49 

2.1 

Lund  A.G.  Zones 

S 

2  .-.1 

44.65 

+  6.22 

+  39 

28 

30.4 

+  22.0 

u            « 

9 

2  45 

0.25 

+  6.22 

+39 

31 

0.2 

+23.5 

u          a            tc 

10 

2  42 

L6.29 

+  6.20 

+  39 

22 

34.9 

+  24.0 

((           u             a 

11 

2  25 

30.54 

+  5.23 

+  16 

51 

23.6 

+  21.7 

Micrometer  comparison  ^cl2 

12 

2  22 

46.93 

+  5.22 

+  16 

54 

18.6 

+  24.9 

Auwers,  Berlin  A.G.C.  681 

13 

2  21 

58.05 

+  5.23 

+  16 

11 

27.5 

+  25.2 

"             "           "       676 

14 

2  21 

36.81 

+  5.1'!' 

+  16 

5 

6.4 

+  25.2 

Micrometer  comparison  =|el3 

15 

2  16 

15.59 

<  +5.21 
{  +5.22 

+  15 

3 

26.3 

)  +25.5 
<  +25.6 

Auwers.  Berlin  A.G.C.  650 

16 

3  37 

16.66 

+  5.17 

+   3 

38 

59.6 

\  +16.7 

{+16.6 

+   3.9 

Boss,  Albany  A.G.C.  L082 

17 

5  20 

t.69 

+  7..",!' 

+  42 

12 

28.4 

Deichmuller,  Bonn  A.G.C:  1149 

18 

5  14 

12.40 

+  7.33 

+  41 

57 

22.1 

+  5.0 

■•       1375 

19 

5  14 

51.86 

+  7.:;:; 

+  41 

57 

33.9 

+  5.0 

••      4380 

20 

4  47 

32.07 

+  1.56 

+  23 

8 

57.7 

+   1.2 

Becker,  Berlin  A.G.C.  1549 

21 

4  47 

40.93 

+  1.56 

+  23 

23 

IS.  7 

+    1.2 

"           «            ••       1551 

22 

4   49 

1  7.55 

+  1 .5  1 

+23 

30 

37.5 

+    1.1 

"       1565 

23 

5     9 

L2.68 

+1.46 

+  21 

24 

9.4 

+   0.2 

<<       1687 

24 

5     9 

58.68 

+  1.15 
(  + 1.45 
\  +1.44 
(  +1.42 

+  24 

36 

50.6 

+   0.2 
(  +   0.3 

Micrometer  comparison  ^25 

25 

5     9 

1 1.32 

+  24 

4.", 

34.6 

-    +  0.3 

Becker,  Berlin  A.G.C.  1691 

(  +   0.2 

26 

11   35 

14.95 

+  2. 96 

+   2 

9 

11. S 

-19.4 

Boss,  Albany  A.G.C.  1326 

27 

11  23 

38.79 

+  2.93 

+   3 

23 

57.2 

-19.1' 

1289 

28 

11  26 

1  1.87 

+  2.93 

+   3 

36 

50.4 

-19.2 

"        4297 

29 

11  24 

IN. -17 

+2.92 

+  3 

40 

1S.C, 

-19.1 

Micrometer  comparison  j)c30 

30 

11   23 

52.55 

+  2.92 

+   3 

44 

50.7 

-19.1 

Boss,  Albany  A.G.C.  4292 

31 

12     1 

26.52 

+  2.97 

+   5 

35 

17.2 

-19.2 

Micrometer  comparison  ^.".2 

32 

11    59 

1.82 

+  2.97 

+   5 

32 

38.9 

-19.2 

Bruns  &  Peter,  Leipzig  II,  A.G.C.  6006 

33 

11   50 

1  1.S5 

+  2.99 

+   9 

17 

46.3 

-1S.4 

Micrometer  comparison  >(;.">4 

34 

11  50 

19.CC, 

+  2.99 

+   9 

41 

L3.5 

-18.5 

Bruns  &  Peter,  Leipzig  II.  A.G.C.  5960 

NOTE  REGARDING  SEVERAL  LALANDE  STARS, 

By  HERMAN   S.   DAVIS. 


Bailx's  reductions,  by  aid  of  Schumacher's  tables,  of 

the  observations  of  right-ascension  on  page  339  of  the 
Histoire  Celeste  are  in  error.  As  this  error  increases  with 
the  right-ascension,  it  may  be  due  to  an  increment  of  error 
in  the  value  of  /.-  in  the  tables  for  this  zone.  If  von  Asten's 
tables  be  used  a  better  value  of  right-ascension  for  all  stars 
recorded  on  page  339  of  the  Histoire  Celeste  is  obtained. 
Moreover,  the  identity  of  the  following  stars,  among  others, 
is  established:  25422  =  25423,  25141  =  25142.  25510 
=  25522,    25523  =  25525,    25538  =  25542,    (Baily). 

It  is  regarding  the  confusion  which  exists  in  different 
catalogues  respecting  the  last  two  numbers  to  which  atten- 
tion is  here  more  particularly  called. 


ill  Lalaxde's  zenith-distance  for  25542  in  the  Hist. 
Cel.,  page  61,  is  13°  21'  5".  this  should  be  35",  and  in 
Bait.y  the  X.P.I),  should  have  a  corresponding  increase. 

I  2  .  This  star  is  B.A.C.  4632  whose  N.P.  I  >.  should  there- 
e  increased  by  30",  since  the  note  on  page  412  of  the 
B.A.C.  says:  "The  position  of  this  star  depends  entirely 
on  the  observation  at  page  61  of  Hist.  Cel." 

(3)  The  Paris  Catalogue,  tome  iii.  page  [103],  notes  the 
identity  of  25122  =  25423.  and  25538  =  25542,  but  to 
establish  the  former  assumes  arbitrarily  a  correction  of  2" 
to  the  right-ascension  of  25422,  and  ignores  any  other 
identities  arising  from  the  cause  stated  above.  It  calls 
attention  to  correcting  25542  by 30",  however  (though   by 
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misprint  says  applj  it  to  Lai  lnde's  I  instead  of  P),  and 
on  j»i»;_rf  '.'I  gives  the  epoch  1794.3  instead  of  1796.3. 

<li  Smyth,  in  the  Edinburgh  Catalogue,  says:  "Id 
N.P.D.  there  is  an  awful  error  "I  tabular  place,  and  much 
pance    oi    i  i,    the    Et.A.    place    being    Eair 

enough."  neglecting  to  trace  the  discrepance  to  any  cause. 

(5)  Bespighi,  for  his  catalogue  of  epoch  1875,  observed 
this  star  twenty-eight  times,  and  records  the  consequent 
declination  thrice,  ach  of  the  records  of  his  cata- 


logue is  in  error  by  30".     He  gives  the  difference  between 

his  own  declination  and  that  of  the  15.A.C.  reduced  to  1  875 
as  — 3".10.  As  the  B.A.C.  lias  an  error  of  30",  it  seems 
not  improbable  thai  Bespighi  arbitrarily  changed  his  own 
results  by  this  amount,  as  he  could  hardly  have  made  the 
same  error  of  obsen  al  ion  on  I u  enty-eight  occasions. 
The  mean  position  of  this  star  for  1890  is: 

a  =       13"  I6m  56"         +   2'.65 
8  =  +34°  59'  21"         -17".9l 


.VOL.  I    PERSEI, 

By  EDWIN  B.   FROST. 


This  brilliant    object    attracted  my  attention  at  eleven 

o'clock  on  the  evening  of  February  22d,  befere  the  rei  eipt 

announcement  of   its  discovery  by  Dr.  Anderson. 

It  was  at  that  time  to  my  eye  brighter  than  a  standard 
first-magnitude  star,  and  showed  a  distinct  yellowish  color, 
recalling  to  my  mind  the  shade  of  Nova  Aurigae. 

It   was  cloudy  here  on  the  23d,  and  the  spectrum  was 

examined,  between  clouds,  on  bhe  24th,  from  (i11  30"' 

to  10    ■"•"     E.S.T.     The   observations    were    made    with   a 

McClean    direct-vision    star    spectroscope   attached   to   the 

nine-inch   refractor  of  the  Dartmouth  Observatory.      The 

general  appearance  of  the  visual  spectrum  was  quite  similar 

to  that  of  Nova  Aurigae,  with  the  bright  components  of  the 

d    lines   on   the   less  refrangible  side   (toward  red). 

The  dark   components  appeared   relatively  more  intense, 

however,  than  in  case  of  Nova  Aurigae,  probably  in  great 

Dartn th  College,   Hanover,  N.B.,  1901  Feb.  25. 


part  a  result  of  the  superior  brightness  of  the  present  star. 
The  dark  band  on  the  more  refrangible  side  of  C  was 
especially  broad,  much  more  so  than  in  Campbell's  draw- 
ing* of  the  visual  spectrum  of  Nova  Aurigae. 

Although  the  spectroscope  employed  does  not  permit 
micrometer  settings  to  be  made,  the  identification  would 
seem  to  be  sufficiently  exact  of  the  hydrogen  lines  11a  and 
JIfS,  the  sodium  lines  at  I>,  the  magnesium  group  h  (in 
whole  or  part),  and  probably  the  strong  line  at  A.  5016, — 
all  these  being  represented  by  dark  and  bright  components. 
Numerous  other  lines  were  seen  which  cannot  yet  be  identi- 
fied. Singularly  enough,  the  helium  line  !>..  was  very  faint 
or  absent  (the  identification  of  the  sodium  lines  being  as- 
sumed).    This  was  also  the  case  with  Nova  A-urigae. 

*Scheineb's  Astronomical  Spectroscopy,  Fig.  09,  p.  285.  This 
was  probably  the  best  drawing  made  of  the  visual  spectrum. 


UNDKMANN    FUND   FOR   THE   COMPUTATION   OF   COMETARY   ORBITS. 


Mr.  A.  F.  Lindi.m  \nn  of  Sidmouth,  England,  has  placed 
means  at  the  disposition  of  the  Astronomische  Gesellschaft 
to  lie  administered  by  a  committee  consisting  of  II.  Seeligeb, 
!'..  Weiss,  <l.  Mullek  and   II.  Kbeutz,  for  the  purpose  of 
rating  the  work  of  calculation  of  comet-material  from 
ancient    times  to  the    middle  of  the    nineteenth    century. 
The  conditions  are  briefly  as  follows.     An  average  amount 
of  LOO  mark-  (about  $24)  will  be  paid  for  definitive  calcula- 
te orbil  "i   one  oi   I  he  e  comets  ;  the  award  being 
lower  for  those  requiring  a  relatively  small  amount  of  time 
and  higher  for  those   presenting  especial  difficulty.     The 
award  will  be  made  to  the  first  calculation   which  sufficed 
luirements  of  a  definitive  computation,  but   maj  be 
divided  in  case  of  simultaneous  determinations.     The  com- 
[i   in  each  case  whether  the  requirements 
et,  and  the  amount  of  the  payment.     Following  is  a 
list  of  the  comets  between  1750  and  L852  whose  orbits  re- 
be  newly  determined  : 


1757 
1 758 
L759 
17. V.I 
1762 
1763 
1764 
L766 
1766 
1770 

177;; 


II 

III 


1774 

17711 
1780  I 
1781 1 
1781 II 
1784 
1 785  I 
17SC,  II 
1787 
1  788  I 
1788 II 


17901 

L790II1 

17921 

1792  II 

17931 

1796 

1797 

1798  I 

1  798  1 1 

1799  II 
1802 


ISO  I 
L806  II 
1 81 18  1 1 
1811 II 
18131 
1813  II 
1818  II 

1818  III 
181911 

1819  IV 
1S22I 


1822III  1827  HI 


1823 
L824  II 
1825  I 
182511 
182611 


1830  II 

1843  II 

1844 II 

1 844  III 

I  s  I ;,  1 1 


1826 III  1. sir.  Ill 

1826 IV  1846 VII 

1826  V  1849 II 

18271  1849  III 

L827I1  1852 IV 


and  the  older  appearances  of  Broesen's  Coinet. 

It    is   desirable    that    intending   computers,   in    making 

their    selections    from   the    list,   should   Communicate   with 
Dr.  Kkfjt/  in  order  that  duplicate  calculations  may  be  so 

far  as  possible  avoided. 


C  O  X  T  E  X  T  S  . 
3i  i.  Perturbations  of  the  Earth  by  the  Actios  oi    Venus,  b\    Erii    Doolittle 

Hansen's  Lunar  Ta  bi  i  s,  bi    a.  II  \  ll. 
Sunspoi  Observations,   bi    A..  W.  Quimbt. 
Observations  of  Minor  Planets,  bi    Henri    B.   Evans. 
Note  Regarding  Several  Lalande  Stars,  by  Hermans.   Davis. 
\nv  \   Persei,  r.v   KinviN,   B.   Frost. 
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OBSERVATIONS   OF   ONE    HUNDRED    DOUBLE   STARS, 

Third  Catalogue. 


By   WILLIAM  J.   HUsM^  . 

This  list  of  new  double  stars  which  1  have  discovered 
with  the  12  and  36-inch  telescopes  may  be  regarded  as  a 
continuation  of  those  already  printed  in  A.J.  4S0  ami  185. 
The  arrangement  of  the  lists  is  the  same.  The  positions 
of  the  stars  are  for  the  epoch  1900. 

With  respeel   to  the  distance  between  the  components 


the   stars  of   the  present  list  have  the  following  classifi- 
cation :                        „ 

0.25  or  lc>s. 

0.2G  to  0.50, 

0.51  to  1.00. 

1.01  to  2.00, 

L'.ol  to  5.00, 


.>  pairs 
12      « 
20     •• 


38 


201.     DM. 

-14°1 

-■> 

200.     DM. 

+  IS  705. 

212.      KM. 

+51°883. 

a  =  0h  47'"  7-      : 

8  =  — 

I3°46'.l. 

a  =  -J11  43"'  10=     ; 

8  =  +  i 

a  =  V'  6™  :;:;- 

8  =  +51    34'.3. 

O 

n 

M 

SI 

o 

"                              M 

M 

.1  and  / 

looo. Sis       130.0 

0.00 

9.0 

'.I  s 

1900.860       339.0 

l.sl        7.s 

I  2.0 

II                       H 

H 

.890        127.0 

11.10 

8.8 

9.5 

see,       ;;:;:.  i 

is:;      7.5 

11.5 

10O0.S48            6.8 

0.36       8.5 

9.5 

.920        129.7 

0.60 

8.8 

9.2 

.0117       335.5 

1.80       8.0 

12.5 

.S66            9.3 
1900.S6              8.0 

0.30       9.5 
0.33       9.0 

10.5 

1! .88          120.1' 

0.59 

8.9 

9.5 

1 '.»i(i. ss         337.2 

l.sl        7.8 

12.ii 

10.0 

202.      DM. 

-ii°iss. 

207.     DM 

-l.rosi. 

8  =    -13°21'.0 

us:,       s.5 

0.93       8.5 

1900.848        102.1 

4.34       8.5 

to.o 

u  =  01'  56m  36"     ; 

S  =  - 
1.90 

to   46M 

S.5 
S.5 
8.5 

13.5 
13.0 

12.5 

„  =  :'."  28™  41"      : 

1900.070        312.0 
.128        .".lo.  1 

9.0 
10.0 

.866        191.2 

4.28       9.5 

12.0 

10OH.74O        2  11.1 
.si  is       239.0 
.896       240.0 

1900.86          191.6 

4.31       9.0 

Ho 

loi  ii  Mo          311.2 

2os.     DM 

0.89       8.5 
— 10°738. 

0.5 

213.     I»M 

a  =  4"  14"'  i'.ll-      : 

+  50°980. 

8  =  +50°4(i'.7 

1001  LSI              I'll  1.0 

2.17 

8.5 

13.0 

a  =  31'  40'"  ii'      : 

8  =  —10°  40'.7 

L900.768         2S.9 

0.S7        S.5 

1 2.0 

203.     DM. 

+52°; 

90. 

1900.070        159.0 

2.5S        0.0 

9.8 

.Sis        20.:; 

0.8&      8.5 

12.0 

.866         29.5 

0.87       8.8 

13.0 

209.     DM. 
a  =:!''  41"'  51' 

+  491032. 
8  =  +5i>    l'.8. 

L900.818         68.0 

0.58 

0.5 

0.5 

1900.83           29.2 

0.87       8.6 

12.3 

.830         69.2 
.866         70.0 

0.72 
0.80 

9.5 
9.5 

9.h 
9.5 

L900.204         S7.1 

.768         S7.7 

1.26       8.8 
1.2.'!       S.S 

0.5 
0.1 1 

214.      P.M. 

-10°1013. 

1900.84            69.1 

0.70 

9.5 

9.5 

.848         88.0 
loon.oi            87.6 

L.32       8.5 

1.27       S.7 

10.5 
9.7 

a  =  41'  4:','"  4-      : 

1900.128       ?34,9 

8  =  —10°  53'.1. 
4.93       8.8 

10.5 

204.     DM 
a  =  2h  40'"  9«     ; 

1900.860        144.5 
.866       141.2 

+  49°770. 
8  =  +49°  42 '.2 
3.18       8.6 
3.23       8.5 

8.6 
8  5 

210.     DM 
a  =  3h  55'"  6"     : 
1900.848        193.6 

+  51°835. 

8  =  +51    52\0 

0.33       O.o 

10.0 

215.      DM. 

a  =  41'  52'"  :;-      : 

1900.163       285.4 

-lrion. 

8  =  — 11°6'.2. 
0.98       8.5 

9.0 

.907        144.6 

3.11 

8.5 

8.5 

.866        191.8 

0.34       o.o 

9.5 

216.     I'M 

-10°1101. 

1900.87          143.4 

3.17 

8.5 

S.5 

1900.86          192.7 

o.;;:;      o.o 

9.8 

o  =  5h  3m  0"     ; 

8  =  — <>  .v.c.s. 

211.      DM. 

+  10    1  100, 

L900.163       229.9 

2.40       8.5 

13.5 

205.     DM 

+  40D' 

i  •>. 

„  =  4''  l1"  14s     : 

8  =  +50  ii'..;. 

u  =  2ll41'".V     : 

8  =  +49c  39'.6 

1 '.ion. 70S        270.4 

1.56        S.5 

0.5 

217.     DM. 

+  35°1137. 

L900.860       156.8 

1.51 

9.0 

1  1 .5 

.sis       271.9 

L.63      s.5 

11.0 

a  =  51'  23'"  2'     ; 

8  =  +35   IV. 6 

.SCO         154.0 

1 .54 

0.5 

11.5 

.SCO         270.1 

1.63       s.5 

10.0 

L900.932       255.5 

0.61       7.0 

S.5 

.907        156.1 

1.5.-; 
1 .5:; 

9.0 
9.2 

1 1 .5 

11.5 

.007        270.4 
L900.85          270.S 

1  80       8.8 
1 .65       8.6 

10.5 
10.3 

.950       258.6 

o.M        7.o 

S.5 

1900.SS          155.9 

1900.94          257.1 

0.56       7.0 

8.5 

,11151 
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218.     DM. 

a  =  ti!l  22"'  80"     : 

1900.220  II  9 

.243  15.3 

1900.23  13.6 

219.  DM. 

a  =  t>"  -J'.'"  241     : 

1900.768       313.5 

.776       317.0 

848       316.0 

r900.80         315.5 

220.  DM. 

a  =  6"  30m  27 

1900.163         76.] 
.246         77.8 

1900.20  77.0 

221.     I'M 

a  =  7     7      19       . 

.1   ;.n 

1900.768        151.4 
.932        152.4 

151.9 

.1  an 


11  1  193. 

8  =  —ii    i".  i. 

1   i" 
1.21 


13.0 
13.0 


L.35 


8.6       13.0 


=  9h  4" 


DM. 


].., ii i  220 
.246 
.273 


+  61CS95 
S=+iO    6'.6. 


0.59 

0.77 
0.71 


8.5 

s.s 
8.2 


12.0 
L2.0 

11.0 


L900.25 


216.2 
215.1 
216.2 

215.8 


-13°2773. 

S  =  — 13    ir/.s. 

2".25  7*5  1L5 
2.41  8.2  10.5 
2.13       7.7.       12.0 

2.26 


11.3 


0.69       8.5       11.1 


L3  1 

8  =  - 
l.tMi 


9.0 

;i.(i 


10.;-. 
11.5 


1900.85 


1.00       9.0       ll.i> 


+61°951. 

8  =  +6lc  33'.2. 

i  /;. 

0.59       9.2 
0.59       '.(  - 

(U59  ML' 


10.5 

11.5 

ll.d 


228.     DM.  +  62°1077. 

„  =91  25'"  50      :     S  =  +62°42'.9. 

P. .442         Sl.i»       0.53       8.5       13.0 


237. 
=  is1-  r 


1900.620 
.626 


1  0OO.02 


DM. 

...  10. 

23.6 
23.3 

23.7. 


-17°5172. 

;    8  =  — 17c  6'.3. 

oil      s!:, 
0.42       8.6 


9.5 
9.5 


238.     DM 

a  =  IS1'  17"'  40" 

1900.571  163.7 
.588  163.5 
.591        163.6 


229.  DM. 

a  =  9*  :;.V"  20'       : 

1900.442        186.0 

230.  DM. 
a  =  9h49m44<     : 

1900.240         85.5 


+  60°1201. 
8  =  +00°  43U. 
1.04       9.5       10.0 


1900.240 


DM 


Hi. 11 


-11°2756. 
S  =  —11    35'. 
O.30       9.0 

_llo30<>4. 
8  =  —11    18', 
4.86       8.5 


9.2 


232.     DM.  -  13°3433. 


1900.932 


285 


1  c. 
1.56 


0.2       13.0 


222.  DM. 
a  =  71'  54'"  15 

l; .226       281.0 

223.  DM- 
u  =  7'  56"  18 

1900.207       214.0 
243       210.1 

1900.23         212.1 


-  1-  2259. 

:    8  =  -1:;  .; . 
3.15       8.5 

-13°2343. 

8  =  -!::    -".'' 

o.s7       s.s 
0.76       8.5 

nvj      s.o 


ii'.  0 


12.0 
13.0 

1  -jr. 


u  =  11; 

L  900.377 


10OO. 401 
.101 
.7,02 
.7.10 

1900.50 


109.8 

;:;.    DM. 

1  t'.i1"  55' 
63.0 

CIS 

(io.  7 
62.0 


8  =  —13   33'.3. 
0.87       8.5 


8.8 


0  1:;       8.5 
f9°3680. 

;     8  =  +'.(   54'.1. 
0.90       8.8 
o.Ol       8.5 
1.06       8.5 


1900.58" 


163.6      0.96      8.6 


239.     DM. 
a  =  18h  21m  20"     : 
1000.560        182. 7 
.562        is  I  I 
.568        185.8 


-21°5005. 

8  =  —  21°58'.l. 

2.94  9.0 
3.28  9.0 
3.18      9.0 


9.5 


9.0 
9.5 

0.0 

9.2 


O.O 
0.7. 
0.1' 


1900.56 


184.3       3.13       9.0 


'J  to.     DM. 

a  =  lSh  22'"  0»     ; 

1900.560  :;4.1 
.7,01'  35.0 
.568         35.5 


-21°5010. 
8  =  —21    39'.0. 
4.70       8.5 
4.88       S.7, 
4.84       8.5 


9.1' 


10.7. 
11.0 
10.5 


1900.56 


34.9       4.83       8.7.       10.7 


-li°4235. 

S  =  -n° 


4.88 
7.. 01 

7,.  1 10 

1.96 


234. 

=  17"  2 


224.      DM.  +471565. 

a  =8"  13-  52"     :  8  =  +17    44'.0. 

1898.271        315.3  lis       7.0       11'.  0 
282       31  1.2 

i'. .204        31  1.9 

:;il,s  1.  ::•_'       7.0 
A^  a  n  ide  pair  Oiis  is  <>-  190 


1.28 
1.32 
1.37 

4.32 


225.  DM. 

a  =  8''  5.V"  19"      : 

11 240         oo; 

.377         1'So.S 

1900.31  280.2 

226.  DM. 

0  =  9''"    2 
1900.240        122.5 


1  1  2520. 

8  =  — 12     4'. 4. 

0.34       8.5 
0.34       8^2 

0.34       8.3 


SO 

8.5 


-13°; 
8  =  - 
3.21 


13    I9'.0 
9.0 


1900.442 
.470 
.494 


62.6       I. os 
DM.  -12°47 

12-      ;     8=- 

.1  and  /.'. 

168.2       0.96 

ios.3       1.12 

165.1       o.OS 


8.5 
8.5 
8.5 
8.5 

8.5 


11.5 
11.5 
11.5 

11.7, 

11.5 


1 2  5 
12.0 
11.5 


241.      DM. 
a  =  is1'  22'"  52s     ; 
1900.560         35.4 
.502  35.3 

.568         30.3 


21  7,019. 
8  =—21    26', 
4.12        9.0 
4.33,        8.8 
4.34       8.5 


10.5 

ll.o 
10.0 


1000.7,0, 


35.7       4.26       8.8       10.5 


242.     DM. 

a  =  lSh  23'"  46'     ; 
1000.7,00       276.0 
.7,0,2       275.8 
.568        273.1 


-21°5024. 

8  =  —21    47'. 7. 
0.7S       10.0 

0.70.     10.0 
0.91     10.0 


1 1 .0 
10.5 
10.5 


II 7.6 


275.0       o.si'     lo.o       10.7 


1900.47 

1900.418 
.142 

170 


1(7 


.2       1.02 

.1  and  C. 


8.0       12.0 


31 16.3 
306  6 
305.5 


8.0 

7.0 
8.6 


9.0 

11.0 

9.0 


looo.ll 


306.1 


.....i 


7.S 


9  7 


235 

a  =  17"  .J4'"  15' 

1000.091  20  1.2 

.713         20(7  1 

.747.        207,7, 

1900.71  207,1 


DM.  +47,' 2020. 

8  =  +4:,  52'.0. 

1.48  6.5 

1.49  6.5 

1.02       7.0 


l.r,: 


0.7 


9.3 


230.     DM. 

a  =  17"  .-,-,"'  2:;"      : 
13.0    1900.7,13         110.0 


-10°47,S1. 

8  =  — 10  11' 
1.20      9.0 


DM. 


24: 

„  =  is"  25™  57" 

10OO.020         37,3.9 

.666       355.1 


-17°5225. 

;     8  =  -17°l'.7. 
1.38      9.2 
1.30      9.5 


9.5 

10.0 


1000.07, 


354.5       1.34       9.1 


214.     DM. 

a  =  18h  20"'  55" 

1900.415  254.6 

.418  256.4 

.170  255.8 

.571  255.6 


+  11°3494. 
;    8  =  +11°  58 
1.14       9.0 

1.11  8.8 
1.00       8.8 

1.12  9.0 


1000.17 


27.5.0       1.09      8.9 


9.* 


12.7. 
12.0 
11.5 
13.0 

12.2 


245.      DM 

a  =  Ls"  28"  8' 

1  sos. 200         53.2 

.7,17,  7,2.1 

1! Ill'         51.9 

12.5  IS99.07 


+  11°3504. 
8  =  +11    43'.0. 
2.10       7.7. 
2.08      8.0 
2.00      9.0 


52.4       2.06       8.2 


8.8 

9.0 

9.8 

9.2 
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246.     DM.  -21°5056 

a  =  18"  29m  11-     ;    8  =  — 21 

1900.568         7()°0       2.67       it' 

.74(1  68.0       '-'.711       9 

.7):;  70.1       2.78       '.i 


10.2 

in.  ii 
10.5 


1900.68 


69.4 


9.2       lo.l' 


.'17.     DM.  +  10°3588. 


a  =  IS1'  32m  IT8 

1900.412  17.1 

.415  45.3 

.418  44.6 


8  =  +10 ' 
0.43  9. 
0.50  9. 
0.46       9. 


LO'.S. 
0 


'.).r. 
9.2 

9.2 

9.3 


0 
L900.42  45.8      0.46       9.0 

24S.     DM.  +9°3800. 
a  =  lSh  34'"  (>3     :     8  =  +9°3'.4. 
1900.418       113.6       1.96       9.5        9.5 
.470       113.6       2.00       9.5         9.6 
.7.71        113.2       2.12       9.5         9.8 


19(10.  19 


113.5       2.03       9.5 


9.6 


249.     DM.  -14°51i 


a  =  lSh3G'"  418 


8  =  —14     13'.0. 


1900.626  224.9  3.53  8.8  13.5 
.COO  224.0  3.21  8.8  13.5 
.743        223.8       3.40       8.S       14.5 


190O.0S 


224.2       3.38       8.8       L3.8 


250.     DM.  -15°5068. 


a  =  18h  36"'  59s  ;     8  =  - 

1900.626        296.0  2.02 

.666        296.4  2. 1 1 

.74.°.        290.0  2.25 


■i.v  :>:;'. l. 
9.0       15.5 


9.1  14.5 

9.o  1  1.7. 

1900.68          296.1       2.13       9.0  14.8 

251.     I'M.  -15°5086. 
a  =  181,40"'  22s     ;     8  =  —15   84'.8. 

1900.020       309.8      2.31       8.0  13.0 

.666       311.3       2.28       S.o  12.7, 

.740        307.3       2.7.4       8.0  13.0 

I9()(i.  68 


2.38       8.0       12.8 


309.7, 
/ 

27.2.      DM.  +9D.'!,S7:;. 

a  =  lSh42'"  59s  ;     8  =  +9   '.)'. 

1900.597        190.7,  0.19       9.0 

.626        193.0  0.20       9.0 

1900.61           191.x  0.20       9.0 

27,:;.     DM.  +8°3853. 


9.7, 
9.7, 

9.7. 


a  =  IS1'  43'"  14- 

1900.597       321.5 

.020        324.0 


8  =  +8'  34'.:.. 
o.oi       s.s       13.0 
0.72       9.0       12.0 


1900.01 


.S       0.66       8.9 


27,4.     DM.  +  7°3861, 

a  =  18h  45'"  2S«     ;    8  =  +8   0'.4. 
1900.597        158.1       1.21       S.S 
.626        156.4       1.17       9.0 


12. 


13.5 


DM.  -17  v.:;.-,o. 


„  =  IS*  45'"  48" 

1900.620  L68.5 
.ooo  170.8 
.740       109.1 


8  =  —17   25'. 4. 


1.7.1 
1.66 

1.02 


8.5 

s.o 
8.5 


9.0 

9.0 
9.0 


1900.61 


17.7.2        1.19        S.9        13.5 


1900.68         109.7,       1.60       8.3 


256.     DM.  +8°3866. 


„  =  IS1"  41V"  (V 

1900.7.97  43.1 

.020        4:;.4 


8  =  +8  35' 
4.40  8.5 
t.43       8.5 


9.0 


1  2.7. 
13.0 


L  900.61 


43.2       4.45       8.5       12.8 


DM.  -17  5359 


a  =  IS1'  46"'  57 


8  =  — n 


1900.(120  341.3  2.16  9.1  12.0 
.000  340.5  2.39  9.0  L2.0 
,7lo       341.3       2.31        9.0       11.5 


P.ioo. OS 


341.1       2.29       9.0       11.8 


25S.    DM.  +ir.;o7.i. 


IS1'  4S"'  20s 


8  =  +11     29'.8. 


1900.7,91        217.4        2.7,7       S.S         9.2 
.7,97        217.7        2.7,1        S.S  9.5 

.626       213.3       2.70-     9.o        9.5 


1900.00         216.1       2.7,:;       S.9 
27,9.     DM.  +  8D3S96. 


9.1 


a  =  IS1'  50m  7s 

1900.7,97  7.:: 

.626  3.0 

19011.01 


5.1 


8  =  +8   22'. r.. 

0.19       9.2  9.5 

0.2:;      9.5  9.7 

o.i' i      9.:;  9  7  r 


204.     DM. 

a  =  l!'1'  12'"  34- 

L900.538       ion. n 
.740       289.5 


-16°5260. 

8  =  —16  I'.T. 
I.  io      sM7,       i:;!.-, 
4.47,       S.2       13.5 


1900.04 


289.8       4.46       8.4        13.5 


265.     DM. 
a  =  19"  16'"  33" 

1900.7.19  89.0 
.571  91.7 
.740         88.9 


_17°5601. 
8  =  —17°  30'.4. 
O.S7,        9.0  9.7, 

1.00        9.7,  9.S 

0.97        9.7,  9.6 


19(10.02 


S9.9      0.91      9.:; 


9.0 


266.      DM. 

a  =  191'  17'"  44'     : 
1900.7,71        190.7 
.740       187.9 

189.3 


19OO.00 

267.     DM. 
u  =  191'  48'"  5s     ; 
1900.142        347..". 


.491 
.571 
.588 

1900.71' 


348.9 
354.2 
350.7 

350.3 


ir.s.     DM. 

a  =  20h  11"'  41- 

1900.7,71         29.8 
.666  29.7 

.743         30.2 


260.     DM.  -10 '71  13. 


a  =  IS" 
1900.7  10 
.743 
1900.74 


■,:,"'  13- 

308.0 
306.8 

307.4 


8  = 
3.45 
3.31 

3.38 


.'9.9 


269.     DM. 

-HI    2 1 '.2.  a  =  201'  30'"  13s      : 

8.5       ll.o    1900.7.00       340.6 
.741       340.3 


8.8 

s.7 


I  l.o 

1  Id 


261.      DM. 

a  =  is1'  58m  21- 

1900.740       124.5 

.743       121.0 

.770        123.4 


-21°5233. 

8  = -2i    10'. 
0.42       7.0 
0.42       8.0 
0.35       8.0 


1900.77.         123.2 

202.     DM. 
a  =  I91'  Hi"1  :,:'. 

1900.7:;:;  359.5 
.538  360.0 
.7  19      358.2 


0.40       7.S 

-17°5552. 
8  =  —17   58'. 
1.85      9.0 
1.80      9.0 
1.89      9.0 


9  2 


1 900  7,1 


359.2 


263.     DM. 

a  =  191'  11"'  57» 

1900.702  19.5 

.740         18.4 


1.85       9.0 

-15°5302. 

8  = -15  s 
2.19  9.0 
2.22        9.0 


1900.72 


19.0       2.20      9.0       12.0 


-16  5291.* 

8  =  —  HI    41'. '.i. 

1.30      8.8       12.7, 
1.21         S.S         12.7, 

1.20        S.S        12.7, 

-17°5785. 
8  =  — 16°54'.4. 
1.60      8.0       ll.o 
1.94        S.7,        14.0 
1.62       8.5       L4.5 
[.88       8.0       15.0 

1.70     s.:;      14.4 

-15°5609. 

8  =  -    1.V2S'.(1. 
2.97,       10.0         10.0 

3.23       9.0         9.0 
3.16      9.0        9.0 

:;,11       9.:;        9.:; 

IS  7,7  IS. 
8  =  —18    18'.6. 
2.04       9.0        ll'.o 
2.80       9.0       12.5 


1900.07 


540.7. 


.,2 


9.0        12.2 


1900 


270.     DM. 

=  201'  37'"  4S- 
7,00  91.1 

743  92.7 


-1!  07901'. 
8  =  —19   28'.2. 
1.94       9.5        loo 
2.07,        9.0  9.2 


1900.117 


91.9       2.oo      9.2 


9.0 


1900 


271.     DM. 

=  201'  40"'  4H 

571  5.7 

626  5.6 

770 


-17°6079. 
8  =  — 17°14'.7. 
0.40      8.8        9.0 
0.47       9.0         9.2 
0.58      o.o        \ir, 


1900.00 


1900 


7.(1 

272.      DM. 
=  201'  47"  30- 

626       L86.5 

ooo       is  7.:; 
743       L86.8 


0.7,0         S.O 


9.2 


-14°5873. 
S  =  — 14°38'.7. 
3.73       9.o       11.5 
:-,.:<:,      9.0      12.0 
3.64       9.0       12.7. 


1900. OS 


ISO. 9       3.64       9.0       12.0 
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27 

:.     l».M. 

-16°5792. 

2S2.      DM 

_14°6188. 

292.     D.M. 

-21°6409. 

u  =  -'lhl 

8  =  - 

15   58' 

4. 

u  =  21 

>■  5.V"  16"     : 

S  =  - 

14°  15 

.2. 

a 

=  23 

'16°    17 

8  =  - 

-20°  50' 

7. 

1900.571 

117   1 

112 

s.o 

13*0 

1900.647 

29°.  1 

0.77 

7.5 

9*0 

1900 

770 

35.9 

O.I2 

8*5 

12*0 

.666 

116.9 
117.6 

1.32 
3.94 

8.5 
8.0 

13.5 
13.5 

.711 

34.2 

0.70 

7.5 

8.5 

836 

38.6 

0.12 

S.5 

11.0 

.740 

1900.09 

31.6 

o  71 

i  .5 

8.8 

1900.81 

37.3 

0.42 

S.5 

11.5 

1! 16 

117  :; 

1.13 

8.2 

13.3 

: 

83.     DM. 

-17J64 

23. 

2 

93.     DM. 

-17°t 

27 

1.      DM 

+  1   1642. 

a  =  2 

l1'  :,7'"  18' 

,    8  =  - 

16   55 

'.0. 

a 

=  23 

16'"  3S       : 

8=- 

17     15 

.1. 

a  =  21" 

1J"    14- 

8  = 

+4    12 

6. 

1900.626 

316.1 

1.20 

9.2 

11.5 

1900 

741 

291.3 

1.00 

9.0 

11.0 

1900.491 

149.1 
I  19.3 

1.1  1 
1.18 

8.5 
8.5 

15.5 
16.0 

.743 

316.0 

1.17 

9.2 

10.5 

74:; 

295.1 

1.01 

9.0 

lo.o 

.(',2:; 

1900.68 

316.1 

1.19 

9.2 

11.0 

l'.MHI 

7  | 

293.2 

1.00 

9.0 

10.5 

1900.56 

149.2 

1.16 

8.5 

15.8 

■  '- 

.V     DM. 

+  7°4670. 

284.     DM. 

a  =  22h3'".Mi-      : 

19  62 

8  =  - 

30. 

9'  28' 

4. 

'94.     DM. 

+  4°4999. 

a  =  21 

17     ,:i 

;    8  = 

|-8    1. 

7. 

1900.745 

112.3 

3.27 

9.0 

9.2 

=  2 

;l.  17,„  23« 

8  = 

-H    .•.7'. 

1. 

1900.597 

69.3 

0.33 

s.s 

8.8 

.770 

111.7 

3.50 

8.8 

9.0 

1900.591 

141.1 

1  10  7 

1.94 

1.83 

s.s 
8.8 

13.0 
13.5 

.623 

»;.-..  7 

0.35 

s.s 

9.0 

1900.76 

112.0 

3.38 

8.9 

9.1 

647 

62.2 

0.31 

8.8 

8.8 

1900.08 

1  10.9 

1.89 

8.8 

13.2 

1900.62 

65.7 

0.33 

8.8 

8.9 

* 

85.     DM. 

-  15  61 

58. 

a  =  22h  .">'"  50 

8  =  — 

5    19' 

4. 

297 

.     DM.    -15°6406. 

17  Aqu 

in-;;. 

•  >- 

6      I'M 

+  7°409s. 

1900.626 

1  16.9 

2.02 

9.0 

9.5 

a 

=  23h17nl24«     ; 

8  =  - 

-15°  :!:, 

:■). 

a  =  21h 

23"'  44~ 

8  = 

+7    17' 

ri. 

.743 

116.5 

1 .95 

9.0 

9.2 

1900 

740 

85.4 

0.39 

:,.:, 

0.5 

1900.597 

28.9 

0.99 

'.in 

9.2 

10OO.0S 

116.7 

1.98 

9.0 

9.3 

743 

83.4 

0.34 

5.5 

7.0 

.623 

26.4 

0.89 

9.5 

10.0 

1900 

71 

84.4 

0.37 

5.5 

o.s 

.017 

26.7 

0.85 

9.5 

10.0 

u  = 

286."    DM 

22b  '.i'"  2" 

+  4°4S24. 
8  =  +5°6'.7 

90.     DM. 

-17°< 

7  12. 

1'. 62 

27.:; 

0.91 

9.3 

9.7 

1900.606 

270.0 

1.53 

9.0 

13.5 

., 

jh  17m  59s 

8  = 

—  17°  5' 

1. 

•  >- 

7.      KM. 

*  6  184S 

1900 

740 

191.0 

4.09 

8.8 

11.0 

a  -=  21h 

.'->'"  39" 

8  = 

+t;  44 

1. 

287.      D.M 

+  7°48 

16. 

74;; 

190.8 

1.09 

9.0 

12.0 

1900.597 
623 

107.5 

(i '.!.") 

8.0 

1  2.5 

•Jh    J  -<ri.    SJ9« 

•    8  =  +"3 

108.8 

1.05 

8.5 

1  1 .5 

1000.000 

07.7 

1.55 

8.2 

13.5 

1900 

74 

191.2 

4.09 

8.9 

11.5 

.C>47 

109.5 

1.28 

8.5 

12.5 

97.     DM. 

-16°(. 
8  = 

291. 

1;hki  oi' 

108.G 

1 .09 

8.3 

12.2 

'_ 

88.     DM. 

-16°61 

■jr<. 

a  =  22h  34"'  47» 

8  =  - 

16  '  28' 

."). 

a 

,li  21m  44. 

— 153  47 

.0. 

2 

8.     DM 

+  .VIS47. 

1000.047 

255.0 

0.20 

8.5 

8.6 

1900 

740 

308.8 

0.35 

7.0 

9.0 

a  =21" 

16     ii 
222.0 

8  = 
3.90 

8.3 

.0. 

ll.o 

.743 

254.0 

0.21 

8.5 

8.5 

743 

315.9 

11:;;, 

7.0 

9.0 

1900.623 

1900.09 

254.8 

0.21 

8.5 

S  0 

1900 

74 

312.3 

0.35 

7.0 

9.0 

.647 

221.S 

3.82 

8.3 

13.0 

2 

89.     DM. 

-100142. 

.'98.     DM. 

+  6°5 

168. 

1900.64 

221.9 

3.86 

8.3 

12.0 

a  =  2 

2»  38m  11s 

8  =  - 

16  39 

.(i. 

i  =  i 

01,  27m  7*     : 

8  =  +6°  32'. 

. 

2' 

9.     DM 

1  6   1884. 

1900.713 

102.5 

1.57 

8.8 

9.0 

1900.000 

99.8 

o.it; 

7.0 

7.5 

a  =  21* 

::7'"  17 

.    8  = 

+6    47 

.7. 

.74:; 

103.8 

1.74 

8.6 

8.0 

770 

90.7 

0.18 

7.0 

7.2 

1: .623 

357.0 
358.5 

2.  IS 
2.62 

9.0 
9.0 

0.1 
9.0 

.806 

p.ioo  ;;, 

103.0 
103.3 

1.62 
1.64 

8.5 
8.6 

8.5 

8.7 

920 

93.4 

0.18 

6.5 

7.5 

860 

1900 

70 

94.6 

0.17 

6.8 

7.4 

1900.74 

357.8 

2.55 

'.in 

9.1 

2 

90.      DM. 

-16°61 

50. 

• 

99.      D.M. 

-20°061: 

280.     DM 

•  :.  1851. 

a  =  22"  4U'"  39" 

:    8  =  - 

-n;:  6' 

:,. 

a 

=  23*  27m  45"     : 

S  =  - 

-20    15 

4. 

a  =  21" 

8  = 

+5   27 

2. 

1900.713 

356.4 

3.10 

9.0 

11.0 

1900 

7  15 

72. S 

0.54 

9.0 

9.2 

1900.597 

132.7 

(MS 

8.0 

8.2 

.743 

355.5 

3.54 

9.0 

10.5 

836 

79.0 

0.51 

8.5 

8.5 

.(',1':; 

1  H).7 

ii  L'u 

s.o 

.800 
1900.75 

354.4 

355.4 

91.      DM. 

3.17 
3.27 

-10  -oi 

9.0 
9.0 
52 

11.5 
11.0 

.647 

1  111 

0.18 

s.o 

s.o 

1900 

79 

75.9 
100.     DM 

0.52 

+  5°5 

8.8 
219. 

8.9 

1900.62 

13872 

0.19 

7.7 

s.l 

281.      D.M 

+  4°4 

710. 

a  =  22"  41"'  57' 

8  =  - 

16    W 

.2. 

x  =  23"  4(1'"  iM- 

;    8  = 

-1-5   55' 

s. 

a  =  21 h  43'"  53" 

8  = 

+- 1 J  54 

.;». 

li .713 

0.7 

2.24 

7.0 

10.5 

1900.60) 

122.7 

1.09 

8.8 

9.0 

1900.623 

328.3 

1.59 

9.0 

'.i  2 

.743 

6.4 

2.12 

7.0 

9.0 

770 

121.0 

1.12 

8.8 

9.0 

.647 

326  r, 

l  56 

9.0 

1O.0 

.806 

1.9 

2.01 

7.2 

10.0 

920 

1L'2.7 

1.12 

8.5 

'.Ml 

1900.64 

327.4 

1 .58 

on 

9.6 

1900.75 

6.0 

■j  1 2 

7.1 

9.8 

1900 

77 

\-j:;:: 

1.11 

8.7 

9.0 

Lie/    Observatory,   1901  Feb.  Ii'. 
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ON   THE   NEW   COMPONENT   OF-  THE   POLAR   MOTION, 

By  S.  C.  CHANDLER. 


Following  are  the  facts,  condensed  as  much  as  is  consis- 
tent with  clearness,  which  appear  to  support  the  conclusions 
that  were  briefly  stated  in  A.J.  490.     Table  I  gives  all  the 


essentials  needed  for  the  discussion,  and  embraces  the  re- 
sults of  all  the  series  of  observations  that  are  suitable  for 
the  purpose. 


Table  I. 

5ei  ies 

Observatory 

Instrument 

Dates 

it  >', 

/' 

l\ 

i' 

E 

Reference 

1 

Kew  and  Wanstead 

Zenith-Tube  and  Sector 

1 726-31 

0.200 

i 

2352250 

i 

-124 

A.J.  250-251 

2 

Konigsberg 

Reiehenbach  Circle 

1820-27 

.171 

r 

238  (1920 

L 

43 

3 

Dorpat 

Reichenbach  Circle 

1822-26 

.145 

i 
^ 

7438 

i 

42 

4 

Greenwich 

.Mural  <  lircles 

1825-30 

.141 

3 

238  8646 

3 

39 

J.-/.  315 

5 

Greenwich 

Mural  Circles 

1830-36 

.134 

o 

2390834 

2 

34 

A.J.  315 

6 

<  Jreenwich 

Mural  Circles 

1836  43 

.049 

1 

2770 

j 

20 

A.J.320 

7 

Pulkowa 

Prime  Vert.  Transit 

is  Hi-oo 

,o.",.-, 

1 

1 1  1  2 

I 

20 

A.J.  200 

8 

Pulkowa 

Vertical  Circle 

1842-49 

.057 

1 

4915 

i 

24 

A.N.  3285 

9 

Greenwich 

Mural  Circles 

1843-51 

.092 

1 

5462 

T 

2:: 

A.J.  320 

Ki 

Greenwich 

Reflex  Zenith-Tube 

1852-56 

292 

1 
7 

8459 

i 

16 

11 

Greenwich 

Transit  Circle 

1851-58 

.069 

1 

239  8358 

1 

16 

./.A.  326 1 

12 

Greenwich 

Reflex  Zenith-Tube 

1857-63 

.246 

1 

240  0541 

r 

11 

13 

Greenwich 

Transit  Circle 

1858  65 

.175 

1 

0976 

i 

10 

A.X.  3201 

14 

Washington 

Prime  Vert.  Transit 

1862-67 

.127 

2 

2295 

2 

7 

A.J.  307 

15 

Pulkowa 

Vertical  Circle 

1863-70 

.235 

2 

28 1 5 

2 

6 

A.J.  203 

16 

Leyden 

Meridian  Circle 

1864-74 

.157 

o 

3176 

2 

5 

Amst.  Akad. 

17 

Greenwich 

Reflex  Zenith-Tube 

1864-70 

222 

1 

3238 

1 

5 

18 

Greenwich 

Transit  Circle 

1865-72 

.2:;:; 

1 

3665 

1 

4 

A.N.  3201 

19 

Washington 

Transit  Circle 

1866-71 

.370 

1 

3592 

1 

-      4 

20 

Pulkowa 

Vertical  Circle 

1871-75 

.181 

1 

5300 

'  1 

0 

A.J.  203 

21 

Greenwich 

Transit  Circle 

1872-7'.i 

.088 

1 

5794 

i 

+       1 

A.J.  322 

22 

Washington 

Transit  Circle 

1871-78 

.280 

1 

(1183 

1 

2 

''.'! 

Pulkowa 

Prime  Vert.  Transit 

1875-82 

.236 

4 

7075 

4 

4 

.1../.  297 

24 

Greenwich 

Transit  Circle 

L879-85 

.162 

1 

8355 

1 

7 

A.J.  322 

25 

Washington 

Transit  Circle 

1879-86 

.200 

1 

8779 

1 

8 

26 

l'ulkowa 

Vertical  Circle 

1882-89 

.150 

2 

240  9654 

4 

10 

A.J.  426 

27 

Madison 

Meridian  Circle 

1883-90 

.  1  52 

2 

241  0489 

•  » 

12 

A.J.  307 

28 

Greenwich 

Transit  Circle 

1884-91 

.171 

1 

0520 

1 

12 

A.J.  322 

29 

Lyons 

Meridian  Circle 

1 SS5-93 

.175 

1 

0936 

1 

13 

A.J.  33  1 

30  v 

1890.0-90.9 

.173 

4 

1371 

2 

14 

;!l 

181)1.5-92.4 

.  l  :>;, 

4 

1790 

2 

15 

32  I 

33 

34, 

Combination  of  series 
at  many  observa- 
tories 

Principally  Zenith-Tele- 
scope and  Talcott's 
method 

\l892.5-93.4 
)l893.5-94.7 
,1894.8-95.9 

.1C0 
.141 
.151 

4 

4 
4 

2215 
2654 

3080 

2 
2 

10 
17 
18 

35  1 

/1896.0  97.1 

.1  II 

4 

3521 

2 

10 

36 

'  1897.2  98.2 

.116 

4 

3963 

2 

20 

37  / 

\  1898.3-99.8 

0.114 

4 

211  4392 

2 

+    21 

Following  the  serial  number  in  the  first  column  the  next 
three  columns  sufficiently  describe  the  nature  and  extent 
of  the  observations  employed.  Then  come  the  values,  with 
their  weights,  of  the  observed  semi-amplitude  ;■, ,  and  the 
observed  epoch  1\  of  minimum  latitude  referred  to  the 
meridian  of  Greenwich,  after  the  elimination  of  the  annual 
term  of  the  latitude-variation ;  then  the  number  of  the 
epoch  ;  and  finally  a  reference  to  the  place  where  the  dis- 
cussion will  be  found.  In  cases  where  no  such  reference 
is  given  the  investigations  are  yet  unprinted.  It  is  re- 
gretted that  space  does  not  allow  a  full  account  here  of  the 
more  important,  at  least,  of  these  unpublished  results,  such 
as  those  for  Kew  and  Wanstead,  Konigsberg,  Dorpat  and 


the  Greenwich  Keflex  Zenith-Tube.     But  this  must  be  post- 
poned until  it  can  be  comprehensively  done. 

With  regard  to  the  selection  of  the  data  herein  employed 
the  governing  condition  is  that  each  series  should  in  itself 
contain  the  means  of  eliminating  entirely  or  very  nearly 
the  annual  component.  A  glance  down  the  fourth  column 
will  give  assurance  that  this  could  be  effected  in  tnosl  cases, 
since  in  general  the  limiting  dates  comprise  a  harmonic 
seven-year  cycle.  Where  this  desirable  condition  was  not 
entirely  attainable  the  method  of  treatment  has  been 
adapted  to  remedy  the  defect  as  far  as  possible,  and  any 
remaining  error  from  this  source  guarded  against  by  re- 
ducing the  weights.     The  choice  of  the  weights  depends 
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on  various  elements  and,  as  in  all  like  investigations,  there 
is  room  for  d  of  judgement  in  allotting  them,  but 

i  he  numerical  values  of 

nstants  deduced,  far  less  to  alter    the  general  con 

elusions.      It   is  easj    to  discern  shades  of   difference  not 

ale  of   weights   here  adopted, 

but  over-elaboration  may  still  easier  degenerate  into  prig- 


gishness  and  the  substance  of  precision  be  lust  by  grasping 
ai  its  shadow. 

The  study  oi  the  subject  can  be  pursued  must,  con- 
veniently h\  normals  formed  from  Table  I  by  combining 
near-lying  epochs,  as  given  below  in  Table  II.  in  thd 
columns  "Observed  /-,"  and  "Observed  '/',"'•  The  subse- 
quent columns  will  be  presently  explained. 


T 

VBLE    II. 

Series 

E 

V 

Obs'd  r, 

C p.  r. 

Obs'd  /, 

V 

/■ 

Obs'd  I 

(  oinp, 

1 

-124 

J 

0.200  :: 

0.220 

235  2250  :: 

I 

2352197.0 

+ .-.:; ; 

22 

2,3 

43 

M. 

.162 

.160 

238  6949 

11 

238  6905.5 

+  43 

+  4  1 

1 

39 

o 

.111 

.127 

238  8646 

;; 

238  8619.5 

+  27 

+  4S 

:, .  6 

33 

•  <  i 

.117 

.070 

239  L226 

21 

239  1190.5 

+35 

+  40 

7-9 

24 

:; 

.061 

.077 

4071' 

u 

.".ill  7.n 

—  75 

-45 

in.  11 

16 

1'. 

.143 

.150 

239  8409 

l" 

2398475.0 

—66 

-43 

12-14 

9 

1 

.169 

.205 

2401419 

4 

240  1  17  1.:. 

—  55 

27 

15-19 

—     7. 

7 

.230 

.•.•I1;; 

3211 

7 

3188.5 

+  22 

-17. 

20-22 

+     1 

.", 

.202 

99Q 

5778 

2 1 

5759.5 

+  18 

+  :•• 

23 

1 

1 

.236 

.225 

707r> 

4 

7045  0 

+  30 

+  12 

24   26 

9 

4 

.188 

.193 

2409220 

6 

2409187.5 

+  33 

+  2<; 

27  29 

12 

4 

.163 

184 

241  0501 

4 

I'll  0473.0 

+28 

+36 

30 

11 

4 

.17:; 

.170 

1371 

2 

L330.0 

+  41 

+  40 

.".1 

15 

4 

.155 

.160 

1700 

2 

1758.5 

+  32 

+  42 

32 

16 

4 

.1(11) 

.152 

22  1 5 

2 

2187.0 

+  2S 

+  4:; 

33 

17 

4 

.1  11 

.14:; 

2654 

2 

2615.5 

+  39 

+  47. 

34 

18 

1 

.151 

.135 

3080 

2 

:;o44.o 

+  36 

+  47 

35 

19 

t 

.1  II 

.  1 25 

3521 

2 

.•',472. -. 

+  40 

+  47 

36 

20 

4 

.116 

.IK. 

3963 

2 

3901.0 

+  G2 

+  4S 

37 

+   21 

4 

0.114 

0.107 

241  4392 

2 

24 1  4329.5 

+  62 

+  4S 

From  the  above  normal  values  of  7',  we  get  the  subjoined 
fable  111  oi  differences  ami  ecu-responding  observed  periods. 


Cable 

III. 
Observed 

Middle 

Obs'd 

Interval 

Pel  Lod 

Epoch 

,0, 

I:;  bo 

:;: : 

1277 

=    10 

X    1-7.7 

—  38 

0.842 

.  39   - 

-24 

6326 

15 

421.7 

:;i '. 

.854 

-33  " 

2  1 

3746 

0 

llli.2 

28  1 

.si;:. 

33  - 

-Hi 

7183 

17 

122.7, 

2  1  I 

.852 

-24   « 

-    0 

64  17 

17. 

129.8 

If,'. 

.837 

-1(>  " 

—    5 

4802 

1  1 

136.5 

10', 

.825 

-   9   " 

+    1 

1359 

10 

135  o 

4" 

.826 

—   .">   ■• 

+    4 

3864 

0 

429.3 

-    ill 

.838 

+    1    - 

+    !) 

:;i  12 

s 

430.2 

+    7. 

.837 

+   4    " 

+  12 

3426 

8 

128.3 

S 

.Sin 

+18 

3860 

'.I 

128.9 

l:;', 

.839 

-    12    -■ 

+  21 

3891 

=     9 

X   132.4 

+  H'.1, 

0.832 

From  the  last  column,  of  observed  dailj  angular  veloci- 

I  ar  that   this  element    is  variable.       Hut   aeei-pt.ed 

dynamical   theory   requires  it  t<.  be  regarded  as  constant. 
u  h  it  renders  the  contradiction  more  emphatic  is  the  curi- 
it   strikingU   appears  from    comparison  "1  the 
ed    values  of  /-,  and   ft, .   namely,   thai    the  angular 
velocity  ami  radius  ,,t  motion  have  some  inverse  relation. 
In   \\f\\   oi   tin      ,'..i  :,n  ni   deadlock   between  theorj  and 
ition    what    are    we    to   do?      As    in    similar   circum- 
stances twice  before,  I   shall   proceed  as  if  then-  were  no 


dynamical  theory,  inadmissible  as  this  may  seem  to  those 
who  accept  its  precepts.  1  do  not  presume  to  meddle  with 
the  theory,  but  simply  fail  to  recognize  it  as  of  any  use  in 
interpreting  observation.  For  in  truth  the  theory  is  be- 
yond dispute  in  a  peculiar  sense  of  that  phrase.  It  pre- 
scribes that  the  pole  of  rotation  moves  uniformly  in  a  circle 
about  the  pole  of  figure  wherever  it  may  be  at  any  instant, 
and  that,  tor  any  displacement  of  the  latter,  the  former' 
will  at  once  take  the  new  point  as  the-  center  of  its  circle, 
maintaining  its  Original  angular  rate.  Aside  from  displace- 
ments of  a  periodical  kind  like  those  producing  the  animal 
elliptical  motion  that  is  demonstrated  by  the  observations, 
and  to  which  theory  seems  reconciled,  any  other  disturb- 
ances "ill  have  no  effect  on  the  rate  of  motion.  Theory 
does  not  now,  as  it  once  erroneously  did,  undertake  to  as- 
sign this  angular  rale,  but  accepts  the  value  of  observation, 
namely,  about  428  days  for  a  complete  revolution;  but  it 
still  requires  this  to  be  invariable,  and  that  the  effect  of 
displacements  must  be  regarded  as  abrupt,  changes  of  phase 
and  not  of  rate,  and  that  any  sequence  of  such  changes  can 
only  accidentally  produce  a  merely  apparent  change  of  rate 
during  its  brief  operation.  An\  such  prevailing  alterations 
as  those  above  brought  out  are  consequently  impossible. 
It  is  manifest  that  this  teaching  of  theory  can  never  be 

disproved,  for  whenever   and    soever   often    as    it    is  brought 

to  face  with  an  a]. parent  alteration  of  period  it  can  eon- 
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sistently  summon  to  its  aid  the  hypothesis' of  an  abrupt  dis- 
placement or  series  of  displacements  of  the  pole,  with  then- 
consequent  derangements  of  phase.  This  makes  it  intangi- 
ble and  safe  forever  from  destruction  by  any  accumulation 
of  hostile  facts.  In  this  attitude  it  stands  curiously  apart 
from  other  theories  relating  to  natural  phenomena.  But, 
being  thus  insusceptible  of  correction  by  observed  facts,  it 
cannot  be  allowed  to  corrupt  our  construction  of  them. 
That  it.  may  do  so  is  easily  shown.  Bj  this  doc-trine  any 
assumption  as  to  the  length  of  the  period  may  be  main- 
tained, and  all  assumptions  with  the  same  facility.  Take 
for  example  the  interpretation  of  the  above  data  accord- 
ing to  any  assumed  period,  it  matters  little  what,  say 
132  days.  After  1S50  this  agrees  well  enough  with  the 
observations,  but  before  it  not  at  all.  Introduce  the  hypoth- 
esis of  abrupt  derangement  at  this  point;  alter,  if  you 
please,  the  enumeration  of  the  elapsed  revolutions  between 
17L'7  and  1S25;  or,  if  this  does  not  suffice,  imagine  another 
abrupt  displacement.  Work  similarly  with  the  develop- 
ments of  future  observation,  and  the  adopted  hypothesis  of 
432  days  is  on  a  permanently  sure  footing.  And  so  of  any 
other  that  fancy  may  choose.  II  this  statement  of  it  should 
appear  to  burlesque  the  comfortable  elasticity  of  the  present 
dynamic  theory,  it  is  not  intentionally  unfair  or  frivolous. 
Under  this  theory  the  dogma  of  chance  accumulations  of 
motion  may  be  called  upon  for  any  service  without  limit. 

This  is  why  it  is  above  said  that  the  theorj  in  question 
is  beyond  dispute  but,  by  the  same  token,  is  useless  for  the 
purpose  of  drawing  practical  conclusions.  It  paralyzes  one 
and  sterilizes  the  other.  We  can  never  get  anywhere  with 
it.  since  it  stalemates  all  attempts  at  advance.  Undue 
deference  to  it  has  led  at  least  one  investigator  astray. 
Thus,  for  an  instance,  the  finest  and  most  useful  piece 
of  evidence  on  this  subject  in  the  whole  range  of  astron- 
omy stands  square  across  the  path  of  the  assumption  of 
a  constant  period.  I  allude  to  Pond's  observations.  With- 
out actually  presuming  to  discredit  this  evidence,  it  has 
recently  been  conveniently  disposed  of  by  the  ingenious  de- 
vice above  described.  Yet  this  apparently  refractory  testi- 
mony in  reality  furnishes  the  key  that  unlocks  the  whole 
mystery.  Without  the  help  of  Pond's  series,  even  with  the 
mutually  corroborative  results  afforded  by  Bessel's  and 
Stbuve's,  we  might  easily  be  left  at  the  end  of  the  coming 
quarter  of  a  century  still  groping  for  its  true  solution  in 
spite  of  the  quantity  of  new  material  of  observation  that 
will  accumulate  during  that  time. 

This  digression  has  seemed  necessary  to  make  plain  the 
reason  for  ignoring  the  view  that  the  earth's  axis  is  jump- 
ing about  in  the  disorderly  fashion  permitted  by  such  an 
interpretation  of  dynamic  theory,  anil  for  preferring  to 
conduct  the  inquiry  on  the  hypothesis  that  nature  pro- 
ceeds in  a  consequent  manner  in  this  as  in  other  phenomena, 
until  the  facts,  and  not  theory,  compel  us  to  relinquish  it. 
The  remarks  may  also  be  of  service  if  they  should  in  the 


future  deter  an\  investigator  from  following  the  delusive 
beckoning  of  this   specter  of  theory  into  wrong  paths. 

|.,t  us  now  i  r\  to  get  a  true  insight  into  the  meaning  of 
the  facts.  The  first  thing  to  be  settled  is  the  true  average 
length  of  the  period  irrespective  of  its  perturbations.  The 
best  that  can  be  done,  provisionally,  is  to  deduce  tins  from 
the  longest  intervals  we  can  command  in  the  whole  range 
of  170  years  covered  by  the  available  observations.  Fortu- 
nately we  have  two  intervals,  of  100  years  and  70  years  — 
namely,  between  Moltneux's  and  Bradley's  epoch  and 
that  of  Bessel,  Struve  and  Pokd,  and  between  the  lattei 
and  the  latesl  obsen  atipng  —  which  enable  us  to  define  this 
element  very  nearly,  without  possible  dispute  as  to  lie 
proper  enumeral  ion  of  the  elapsed  periods.  For  the  middle 
epoch  we  find, by  reducing  series  1'..'!.  4  and  5 to  E  =  —  •'!'.». 

Obs'd  V,  p  O— C 

Bessel  2388636  1  -27 

Struve  8725  1  +02 

Pond  I  8646  .'!  -17 

Pond  II  8685  2  +22 

Mean  238  8663 

Placing  this  mean  value  together  with  series  1.  and  the 
mean  of  series  30-37,  and  making  a  rough  estimate  of  the 
uncertainty  id'  the  several  dates  we  have, 


E 
-124 
-  39 

+    IS 


2o5lJ250  ±  50 
2388663  ±  20 
2413090+    5 


the  intervals  of  which  furnish  the  observed  average  period. 


36413 
24427 


85  =  42S.40  ±  0.63 
57   =   428.55  ±  0.37 


The  agreement  is  quite  satisfactory,  and  shows  thai  what- 
ever  the    inequality    of  the   revolution    may    be    it    has   not 

affected  appreciably  the  differences  of  these  epochs.     To 
demonstrate  that   there  can  be  no  error  in  the  numeration 

ot  the  epochs  we  have,  by  different  hypotheses. 


36413 

-86  =  123.4 

24427 -^5S  =  421.2 

36413 

-85  =  428.4 

24427-^57  =  428.5 

36413 

-^84  =  433.5 

24427 -f  50  =  136.2 

The  values  in  the  first  and  third  lines  are  incompatible 
with  each  other,  as  well  as  with  all  the  other  data.  We 
may,  therefore,  adopt  the  mean  value  of  the  period,  128.5 
days,  as  the  best  provisionally  attainable,  and  as  with 
reasonable  certainty  correct  within  a  small  fraction  of  a  day. 

To  ascertain  the  nature  of  the  deviations  from  this  mean 
period  we  compare  it  with  all  the  values  of  1\  in  Table  II, 
using  the  value  240  ",:;:;i   lor  the  principal  epoch,  or 

T  =  240  5331-'+428'.l5E 
as  adopted  in  A.J.  400.  The  differences  Tx  —  T  =  /'  are 
given  in  the  column  "Observed  V."  These,  together  wit  h 
the  "  Observed  r"  of  the  same  table,  and  "Observed 
Period"  of  Table  III,  may  be  perspicuously  and  compara- 
tively studied  by  means  of   the  accompanying  diagrams, 
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where  the  broken  lines  represent  the  observed  data,  and 
the  fainter  continuous  curves  the  theorj  propounded  in 
A.J.  190,  according  to  the  numerical  values  of  the  con- 
stants and  tin1  formulas  there  given,  from  which  also  are 
derived  the  "Computed"  values  in  Table  II.  It  is  need- 
less i  i  the  small  term  in  eq.  (5)  depending  on 
Q'  —  6"  may  b 

This  completes  the  statemenl  necessarj  to  enable  an  in- 
ent  opinion  to  be  formed  mi  the    realitj    of  these 
twin-terms.     It   w  no  sort   of  scientific  value  or 

interest  to  recount  the  reasoning  by  which  this  simple  ex- 
planation of  the  phenomena  was  arrived  at.  A  close  com- 
parative studj  of  tlic  three  curves  in  the  diagram  will 
suffice,  I  think,  to  carrj  conviction  of  the  correctness  of 
:planation.  Hut  it  is  of  importance  to  draw  atten- 
i  the  deviat  e  observed  from  the  computed 

e  "l  which  appear  to  have  a  systematic  charac- 

While  these  \   be  due  in  part  to  sequences  of  acci- 

I  do  not   think  they  are  wholly  so.     On  the 

other  hand  it  is  not  at  present   prudent  to  ascribe  to  them 

an  objective  existence.     For  one  thing,  it  is  to  be  remem- 

observed   dates    /',  are  derh  ed   through  an 

e  annual  term  which,  for  convenience,  as 

sumes  the  period  of  tin--  term  to  lie  exactly  a  year.     But 

i     ii     [.J.   189  upon    the   elements   of  the  annual 

ellipse  shows  t  hat  this  period  is  variable.     The  errors  from 

i    must   in  am  event   be  too  small  to  affect   the 


general  nature  of  the  curves  here  laid  down.  But  it  is  pos- 
sible thai  1 1 1 1 ■  _\  ma\  be  large  enough  to  be  responsible  in 
part  for  the  systematic  deviations  of  which  we  are  speak- 
ing, especially  as  regards  the  deviations  in  the  anomaly  of 
the  epoch  between  1890  and  L899,  which  depend  severally 
on  observations  covering  a  range  oi  little  more  than  a  year 
each.  It  is  proposed  to  make  this  subject  a  matter  of 
special  inquiry.  Until  this  is  done  further  speculation  is 
idle.     Nevertheless,  in  a  subject  where  dynamical  theory  is 

iO    much    bee] led,   and   at   a   loss   as  to   the  direction   in 

which  to  push  its  search  lor  causes,  it  seems  permissible  to 
utter  a  vague  hint,  that  may  he  of  service,  without  incur- 
ring the  charge  of  undue  venturesomeness.  Therefore  I 
beg  to  remark  that,  it  the  residual  phenomena  under  dis- 
cussion should  prove,  alter  sufficient  scrutiny  and  confirms 
tion  by  future  observation,  to  have  any  objective  reality  at 
all,  their  course  is  such  as  to  lead  to  the  suspicion  that, 
there  may  still  he  a  smaller  term  of  shorter  period,  say  of 
412  days,  coexisting  with  the  others  of  428.5  and  436.0 
days  above  demonstrated.  I  know  of  nothing  that  makes 
1 1 1 i ^  suggestion  of  possibility  absurd,  in  the  nature  of 
things.  It  is  manifest  that  we  stand  in  the  presence  of  a 
very  complex  phenomenon,  and,  although  every  step  in  its 
disentanglement  must  be  taken  with  caution,  all  possibili- 
ties must  be  examined,  with  observation  as  our  sole  guide 
until  dynamic  theory  has  caught  the  clue,  and  may  be  used 
as  an  assistance  instead  of  a  hindrance  to  investigation. 
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THE   PROBLEM   OF   THREE   BODIES, 

By  A.  HALL. 


Half  a  century  after  the  publication  of  Newton's  Prin- 
clpia  the  investigations  of  theoretical  astronomy  were 
taken  up  in  earnest  by  the  European  mathematicians, 
Clairaut,  d'Alembert,  and  Euler.  It  was  easy  for  them 
to  solve  the  problem  of  two  bodies,  but  when  they  came  to 
consider  the  motions  of  the  moon  disturbed  by  the  action 
of  the  sun,  although  the  differential  equations  of  motion 
could  readily  be  formed,  the  integrations  could  not  be 
made.  Clairaut  says,  "integrate  who  can.''  The  equa- 
tions of  motion  were  reduced  to  an  elegant  and  natural 
form,  especially  by  Euler,  but  for  the  integration  resort 
was  had  to  expansion  of  the  disturbing  forces  into  series. 
In  1772  Lagrange  investigated  the  problem  of  three 
boilies  in  a  very  remarkable  memoir.  This  work  has  never 
been  superseded.  Lagrange  found  the  problem  insoluble 
except  under  certain  special  conditions.  These  conditions 
are  that  the  bodies  shall  be  on  a  right  line,  or  are  at  the 
vertices  of  an  equilateral  triangle.  Laplace  proves  these 
special  results  in  a  simple  manner  in  his  Mecanique  i  'elt  ste, 
Livre  X.  The  three  bodies  describe  similar  conic  sections 
around  their  center  of  gravity,  forming  constantly  an  equi- 
lateral triangle  whose  sides  vary  continuously,  and  may 
become  infinite  if  the  conic  is  a  parabola  or  an  hyperbola. 
If  the  sides  are  not  equal  in  order  that  the  problem  be 
soluble  the  three  bodies  must  lie  on  a  right  line.  But  it 
was  shown  by  Liotjville  in  1845  that  these  solutions  are 
only  mathematical  fictions,  and  cannot  exist  in  nature. 
since  the  systems  are  unstable. 

A  discussion  of  the  general  equations  of  motion  of  n 
material  particles,  which  mutually  attract  each  other,  and 
are  not  acted  on  by  external  forces,  shows  that  we  ran 
make  ten  integrations.  Six  of  these  relate  to  the  motion 
of  the  center  of  gravity  of  the  system,  which  is  rectilinear 
and  uniform;  three  belong  to  the  conservation  of  areas; 
and  one  is  the  equation  of  living  force.  Since  in  this  ques- 
tion we  shall  have  3?;  linear  differential  equations  of  the 
second  order,  we  shall  have  to  perforin  Qn  integrations  for 
the  complete  solution.  In  the  case  of  three  bodies  there 
will  be  18  integrations,  and  hence  8  integrations  thai  can 


not  be  made.  This  consideration  is  sufficient  to  point  out 
the  course  the  solution  must  take;  that  is,  the  expansion 
into  series.  It  is  fortunate  for  the  astronomer  that  our 
solar  system  is  arranged  so  that  the  motions  of  the  planets 
can  be  determined  by  series.  The  mass  of  our  sun  is 
so  great  that  the  solution  for  two  bodies  gives  a  good 
approximation,  which  can  be  extended  to  the  general 
problem  by  successive  approximations.  Here  it  is  assumed 
that  the  series  employed  are  convergent. 

Any  special  solution  of  the  problem  of  three  bodies  is 
interesting,  since  it  may  lead  to  better  methods  of  treating 
the  general  question.  G.  W.  Hill  has  applied  the  inte- 
gral of  Jacobi  to  the  lunar  theory.  The  derivation  of  this 
integral  is  given  by  Jacobi  in  his  "Vorlesungen  iiber  Dyna- 
mik."  It  results  from  a  combination  of  the  equation  of 
living  force  with  the  principle  of  the  conservation  of  areas. 
The  assumption  is  made  that  the  two  attracting  bodies 
move  in  circles  around  their  common  center  of  gravity, 
with  equal  angular  velocities.  This  is  not  of  course  a  real 
case  in  nature,  but  in  some  respects  it  is  a  good  approxi- 
mation, and  such  a  solution  is  valuable.  Air.  Hill  employs 
also  Euleb's  idea  of  revolving  axes.  The  equations  for 
such  axes  are  given  by  Laplace  (Meo.  Cel.,  Livre  II». 
(I.  II.  Darwin  has  made  an  interesting  application  of 
Hill's  formulas  to  an  imaginary  case  of  three  bodies. 

In  his  recent  work,  "  Les  Methodes  Nbuvelles  de  la 
Mecanique  Celeste,"  M.  Poincare  has  made  a  very  com- 
plete discussion  of  the  various  methods  proposed  for  solving 
the  problem  of  three  bodies.  His  conclusion  is  thai  the 
series  employed  by  astronomers  for  expressing  the  disturb- 
ing forces  are  divergent,  speaking  in  the  general  and  strict 
mathematical  sense.  It  follows  that  the  astronomical 
methods,  although  good  for  a  few  centuries,  will  not  serve 
for  an  indefinite  time.  Laplace  points  out  that  mo-t  of 
the  questions  of  astronomy  depend  on  the  solution  ol  the 
ential  equation, 
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In  this  equation  y  is  any  coordinate,  such  as  a  radius 

(113) 
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vector,  a  longitude,  or  a  latitude;  a  is  a  constant, 
small  parameter,  and  Q  is  a  rational  and  periodical  fund  ion 
of  y  and*.     This  equation  is  solved  in  the  usual  manner 

:   omitting  the  term  «','•  and  afterwards  extending 

ilution  to  thi  equation  by  varying  the  con 

stants  i't  i:  ■  olution.     When  I 

•  is  Eound  bhat  in  certain  terms  the  time  appears  out- 
Lagrange  mi  i  t  his  diffi- 
■  perturbal  ions  of  the  planets, 
ami  he  overcame  it  by  the  introduction  of  a  superfluous 
(■(instant,  and  imposing  on  tins  constaul  the  condition  of 
making  the  undesirable  terms  disappear.  This  method  is 
employed  by    Laplace.     In  his  second  volume  Poini  \m': 

a  full  discussion  of  the  methods  proposed  by   Lind- 

3TEDT,    NeWCOMB,   GyLDEN,    1  »i:i  \  i  n  a  V .    and     BoHLIN,    for 

obtaining  a  solution  oi  the  above  equation  which  shall  be 
free  from  secular  terms.     Of  these  methods  that  of  Lind- 

,,i  ,,i  is  the  most  direct.  It  depends  on  a  change  of  the 
variable,  and  is  explained  best  in  the  memoirs  of  the 
author.  A.S  LAPLACE  has  said,  it  often  happens  that  an 
or  critic  injures  the  clearness  of  the  original  writer. 
1'oim  \i:k  shows  that  the  method  of  Lindstkdt  has  a  gen- 
ipplication,  but  the  series  of  this  method,  as  well  as 
those  of  the  others,  tire  divergent,  in  the  strict  mathemati- 
cal sense.  This  result  appears  to  he  correct,  and  hence  we 
cannot  draw  general  conclusions,  such  as  those  of  Lagrange 
and  Poisson,  from  our  astronomical  formulas. 

Bui   one  ma\  doubt,  1   think,  whether  the  instability  of 

our  solar  system  is  proved.     If  we  denote  by  /and  V  two 

whole  numbers,  and  by  /a  the  ratio  of  the  mean  motions  of 

the  disturbed  and  disturbing  bodies,  the  form    i—  i'fx  will 
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enter  as  a  divisor  into  the  expressions  of  the  perturbations, 
and  the  square  of  this  quantity  will  appear  as  a  divisor  in 
terms  oi  the  longitude.  Since  ju  is  a  decimal  fraction  with- 
out limil  \m- can  find  values  of  i  and  V  which  will  render 
I  —  i'fj.  as  small  as  we  please.  Thus  for  Egeria  and  Jupiter 
we  have 


299.1286 
857.9364 

1  -      1> 
1  -      3,x 

7-  20  ju 

8-  23,x 
15  —  I  •' ;  n 
38  -109/x 


=  0.348660577 

=  f-0.302679 

=  -0.045982 

=  +0.026788 

=  -0.019193 

=  +0.007595 

=  -0.004003 


The  order  of  the  disturbing  terms  is  therefore  very  great 
as  we  approach  commensurability  of  motions.  So  far  as 
observations  indicate  JEgeria  has  no  sensible  disturbance 
from  these  terms.  May  not  the  trouble  arise  rather  from 
the  form  of  solution,  than  from  any  defect  in  nature.  One 
gets  the  conviction  that  our  solar  system  is  stable. 

We  must  be  thankful  to  M.  Poixcake  for  his  labor,  and 
for  the  great  mathematical  skill  shown  in  his  work.  The 
reader  will  feel  a  kind  of  negative  result,  as  though  he 
were  left  in  darkness.  Not  a  single  numerical  example  is 
given  of  the  use  of  the  formulas,  and  in  fact  the  application 
of  most  of  them  appears  to  be  extremely  difficult.  Per- 
haps we  shall  be  obliged  to  return  to  the  methods  of  Han- 
si:\.  which  are  the  best  now  known.  An  astronomer  will 
not  feel  much  interest  in  an  ••  intermedia  re  Bahn"  or  an 
••  absolute  Bahn,"  if  he  can  never  find  one. 


NOTES  ON   THE   VISUAL    SPECTRUM   OF  NOVA  PERSET, 

liv   EDWIN"    B.    FROST. 


These  observations  have  followed  in  a  qualitative  way 

the   changes   in   the   spectrum    noted    with    a    direct     vision 

ocular  spectroscope  and  nine-inch  refractor  since  my  hist 

anication. 

1 1,   •  ening  of   Feb.  2  I.  at  about  7'1    Eastern 

Standard  Time,  the  magnitude  of  the  Nova  was  estimated 

as  aliout    0.3,   onl;      ii      t1      Eainter  than    Capella,  which 

it   closely    resembled    in   color.      At,    10*   .';<»'"    its    brightness 

idently  diminished,  and  was  about  0.5  mag. 

February  .'■'>.  9h.  The  magnitude  had  fallen  to  about, 
the  first,  or  a  Little  below,  and  a  glance  tit,  the  spectrum 
showed  that   thi>  loss  in  brightness  was  due  to  adiminu- 

ti,,,,    ,,  ,  ,     i  inuoiis    spectrum.      The 

and  bands  were  considerably  mote  intense 
than  on  the  previous  evening,  particularly  in  case  of  Ha, 
which  The  dark  lines  seemed  rela- 

tively less    ,  I     ■  ;h1  line-  wen-  suspected 

beyond  S«  toward  .1.  tdjacenl 


to  dark  1>  on  its  violet  side,  and  seemed  to  have  a  faint 
dark  companion  on  its  own  violet  side.  This  bright  line 
would  fall  near  the  position  of  helium  />.,  but  might  be 
due  to  the  uncovering  of  a  part  of  bright  />  by  a,  super- 
posed dark  ]>.  Dark  D  is  sharp,  but  not  seen  as  double. 
Il,i.  considerably  broader  than  hist  night  ;  Hy  also  more 
conspicuous.  The  continuous  spectrum,  both  last  night 
and  to-night,  is  relatively  weak  in  the  blue  and  violet,  as 
compared  with  the  yellow  and  green.  The  maximum  in- 
tensity is  estimated  to  fall  midway  between  /'  and  b.  The 
i  ion-  dark  c ponents  on  the  violel  sides  of  the  principal 

bright   bands  shade  off  toward  the  violet. 

Twenty    bright    lines    were   observed    in    the   visual   spec- 
trum to  Ily. 

The  relative  intensities  of   the   principal  bright    bands 
ivere  ro  mated  as  follows  : 

I  la  =  L20,     1>  =  70,     h  =  100,     X4924  =  10,    Jlfi  =  .10. 
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February  26,  8h  30m  — 10\  Magnitude  estimated  as 
about  1.3.  The  continuous  spectrum  lias  diminished  some- 
what in  intensity.  The  very  broad  dark  band  adjacent  to 
the  violet  side  of  Ha  suggests  the  possibility  of  its  resolu- 
tion into  fine  lines.  Bright  D  appears  to  be  rendered 
double  by  a  fine  dark  central  line  of  separation,  while  dark 
I)  is  sharp  and  narrow.  The  bright  line  toward  violet  of 
dark  />.  which  may  be  I>.,  is  distinct.  The  most  important 
change  is  the  presence  of  dark  fringes  on  the  side  toward 
red  of  bright  Hfi  and  //.  These  dark  lines  are  clearly  seen, 
but  are  less  conspicuous  than  the  dark  components  on  the 
violet  side  which  shade  off  toward  violet  after  the  general 
manner  of  the  bands  of  fourth-type  spectra.  A  broad  dark 
band,  apparently  without  a  bright  companion,  was  seen  at 
some  distance  toward  red  from  By,  in  the  vicinity  of  A. 445. 

Estimates  of  intensities  of  bright  lines: 

27a  =120,     I)  =  50,     6  =  100,     A.  5016  =  35,     Hfi  =  75. 

February  27,  8h  and  10\  Estimate  of  magnitude  about 
1.7.  Dark  lines  again  visible  on  both  sides  of  b  and  Jf/3, 
those  on  the  red  side  being  the  narrower.  A  similar  dark 
line  now  visible  on  red  side  of  bright  I).  The  most  marked 
feature  to-night  is  the  extreme  blackness  of  the  two  dark 
bands  between  b  and  Hfi,  of  which  that  on  the  violet  side 
of  A  5016  is  the  stronger.  Both  bright  Hfi  and  b  appear  to 
be  doubled  by  a  dark  line  of  separation.  (It  will  be  re- 
called that  such  duplications  (reversals  ?),  and  more  com- 
plicated effects,  were  noticed  by  many  observers  of  Nova 
Aurigae). 

Ha  =  150,     D  =  40,     b  =  80, 

\5016  =  25,     A4924  =  5,     Hfi  =  70. 
Dartmouth  College,  Hanover,  N.H.,  1901  March  S. 


February  28,  S\  Magnitude  about  2.0.  Bright  Hfi,  b 
and  1>  are  double,  and  dark  lines  are  seen  on  the  red  sides 
of  each  (in  addition  to  the  conspicuous  dark  bands  on  the 
violet  sides  i.  No  duplication  of  bright  Ha  can  be  detected. 
Bright  /',('.' i  is  faint.  Great  deficiency  in  the  blue  and 
violet  parts  of  the  continuous  spectrum  is  noted  on  com- 
parison with  spectra  of  other  stars. 

Ha  =  100,     I)  =  35,     b  =  60, 

A.5016  =  15,     X4924  =  5,     Hfi  =  50. 

March  .',  71' 30'".  Estimated  magnitude  =  2.5;  color 
seemed  whiter  than  heretofore.  101'  30'".  Ha  and  Hfi 
geem  to  have  lost  little  in  intensity.  Dark  lines  on  red 
sides  of  bright  bands  are  somewhat  less  conspicuous. 
Bright  Hfi  doubled,  and  now  more  intense  than  b. 

lia  =  100,     I)  =  40,     b  =  50, 

X5016  =  15,     A.4924  =  5,     Hfi  =  80. 

March  6,  9h  30m.  Estimated  magnitude  =  3.1.  Con- 
tinuous spectrum  has  fallen  off  decidedly.  Bright  D  very 
faint.  Dark  band  on  violet  side  of  bright  Ha  less  conspic- 
uous than  usual,  and  the  background  of  continuous  spec- 
trum between  Ha  and  D  is  very  weak.  The  bright  line 
near  position  of  I>3  cannot  now  be  seen.  Duplicity  of  bright 
b  and  Hfi  suspected,  but  difficult. 

Rough  estimates  of  intensity  of  bright  bands : 

Ha  =  80,     I)  =  15,     b  =  25,     A  5016  =  10,     Hfi  =  50. 

I  have  to  thank  Professors  Nichols  and  Hull,  and  Mr. 
A.  A.  Bacon,  for  confirming  my  observations  as  to  delicate 
details  noted  above. 


OBSERVATIONS   OF   COMET  b  L900  (bobbelly-bbooks), 

MADE    AT    SMITH    COLLEGE    OBSERVATORY,    NORTH  AM  I'TD.V.    MASS.,    Willi     Mil:    II    IN'  II    KllkAi    lol;    AND    FILAR   MICROMETER, 

By  MARY  E.   BYED. 


1900  Greenwich  M.T. 


( lomp. 
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n    's  apparent 


log  /»A 
for  a  for  S 
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OBSERVATIONS  OF    MINOR    PLANETS   AM)   COMETS, 

MADE  WITH  THE   12-INCH     rELESCOP \   \  -  -  \  l;    i  "  I  l  n  .  i     OBSERVATORY, 

B\    MAR'S    W.  Will  INKY    ind  CAROLINE  E.   FURNESS. 


1900  Greenwich  M.T. 

* 

No. 
( :oznp. 

Planet—* 

Ja            |              JS 

Planet's  Apparent 

I             8 

for  a 

pA 
for  8 
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(148)     Gallia. 
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23 
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2 

3 
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10 
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F 
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9 
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OBSERVATIONS  OF   EROS, 

MADE    WITH    Till:    26-INCH    REFKACTOB    OF  THE    LEANDEB    M°CORMICK    OBSEB  \'  \  I  (Hi  V    OF    Till'.    IMYI.KSITY    OF    VIRGINIA, 

By  hebei;   d.  cruris. 


In  the  following  observations  the  sets  were  usually  .  IS  6, 
da  12,  . /8G,  with  symmetrical  reversals  of  the  movable 
wire  and  of  the  micrometer  box.  The  recommendations  of 
the  Paris  Astrophotographic  Conference  were  followed  as 
closely  as  possible.  For  the  purpose  of  identifying  the 
stars  used,  the  approximate  apparent  place  has  been  formed 


by  applying  the  observed  /«  and  .18  with  contrary  sign  to 
the  position  of  the  planet  calculated  for  the  time  of  observa- 
tion from  the  ephemeris  of  E.  Millos:  \  i<  n  i   I. A7.  3660  61  ). 

The  observations  are  corrected  for  refraction,  but  not  for 
aberration. 


Date 

Char.  M.T. 

Ja 

J8 

l 

pJa 

j-JS 

No.  of 
Sett  ings 
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Approx.  app 
a 
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Oct.      7 
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9 

13     6  28 

-  5.54 

-1  36.6 

//S.SI1 

//(I.07I 

10,10 

9.0 

2    12  50 

47  59.2 

A.G.  Bonn  2  loi 

14 
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16 
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19 

11   15     2 

-10.05 

-d   12.6 

,/'.i,i:;o 

rcO.213 

24  ,  1 2 

11.3 

2  35  26 

51     9.0 

1'n 

6  i,S  5( » 

+   4.19 

-3  •-•:.•.» 

«'.i.ni;s 

0.460 

24  .  1 2 

1O.0 

■1  34   11 

51  25.8 

20 

12  43     6 

-14.74 

4  0    1(1.9 

8.288 

//o.: ::i  [ 

12,12 

Id. i) 

2  :;i   11 

51    25.8 
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8     0     3 

+  18.62 

-4     3.9 

ra9.31 1 

//(l.L'7l 

12,12 

7.0 

1   '.'9  30 

51   39.5 

Camb.  A.G.  709 

29 

7  15  54 

-  9.86 

-1  18.4 

//'.i.  is; 

//O.l  79 

12,  12 

10.0 

1    28  29 

51      1.9 

Dec.      1 

11    9    :; 

+   4.86 

-2  59.6 

9.630 

re9.94  I 

12.1  2 

9.:; 

1   27  10 

5i»  22.5 

DM.  50°301 

1 

12  14  31 

0.00 

0     0.0 

9.759 

9.275 

see  note 

12.0 

1    27   11 

50    1S.0 

o 

6  18  15 

-   2.57 

-1  47.6 

»9.625 

//9.o:;i 

12,12 

in.:; 

1    26  58 

5o    :>.:> 

2 

6  55    1  1 

+   0.91 

+  1  34.0 

//'.), loo 

//O.l  27 

12.12 

11.3 

1    20  57 

50      1.0 

8 

8  22  38 

+  6.08 

+  0     4.7 

8.160 

//1 1.1  S5 

1  2  ,  1  2 

In. 7 

1    27      1 

47   51'. 9 

9 

9  17  19 

+   7.22 

-0     5.2 

9.270 

//O.I07 

12.12 

1  1.0 

1    27  31 

17  29.3 

10 

7  21  56 

-   1.24 

+  0  19.8 

»9.k;o 

//O.U75 

12,12 

lies 

1   28     8 

47     7.5 

11 

6  5;  r,r< 

+    2.38 

-1  12.5 

»'.».;;l'I 

//O.IIH 

12,12 

10.8 

1   28   i:; 

46  46.0 

12 

7  28  33 

—   7.57 

-0  35.2 

//9.020 

//(l.ll'.ll 

12,12 

111.0 

1   29  38 

10  20.9 

13 

9    19    19 

+  11.72 

+2  35.9 

9.347 

//9.97C 

12,  12 

9.5 

1   30  1  1 

45  5l,s 

14 

9  14  32 

-   1.34 

-o  21.0 

9.334 

n9.953 

12,12 

11.0 

1   51   24 

15  30.5 

16 
10 

7  46  38 

7  53  31 

+  29.34 

-1  35.6 

7.356 

//(I.CL'II 

61 
6' 

10.0 

1   33     3 

1 1    13.8 

27 
27 

6  28  59 
6  41  36 

-16.36 

+  0     3.3 

»9.048 

//0.2.S5 

'' 
9 

S.5 

1   52  28 

in     3.5 

,\.<;.  Bonn  1683 

29 

7     7  10 

+  17.18 

+3  4i'.:; 

»8.661 

»9.282 

12,12 

9.5 

1   5f,  27 

5'.)     7.0 

Jan.       1 

6  20  18 

+  3.29 

+  0     4.0 

//O.l  l  1 

9.493 

12,12 

0,1 

2    11   45 

."  !  37.3 

DM.  :;o  155 

5 

7  40  50 

+   7.72 

1   59.0 

8.809 

9.455 

L2 , 1 2 

10.0 

2   1  I  ::l* 

36  12.2 

8 

7  31    15 

-   8.46 

t-  1   38. 1 

8.692 

9.671 

L  2 , 1 2 

10.0 

2  23  I'M 

34  51.5 

9 

<;  58  50 

+  0.76 

+  2  31.2 

//S.  [c:.\ 

9.719 

12,1 2 

III  II 

'.'  26     2 

::i  25.5 

20 

7  18    II 

-   3.09 

3    14.5 

8.648 

0.257 

12,12 

10.0 

3  33  12 

20      7.0 
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7th,  Cloudy;  16th,  High  wind  :  woollj  images. 

20th,  Sei  --'tii.  Clear,  bul  images  dancing.  —  Nov.  5th, 

rindy.  —  13th,  Windy;  large,  woollj  images.       17th,  images 
poor  and  jumping  violenl  ooi    uigbt.       Dec.  1st, 

Air  vei  I.      tried  powers  "f  850,   1300,  and  2000. 

Eros  seems  quite  ri  How  as  compared  with  DM.  50  301,  ami  1 1 

is  differei  definition  on  star  and  planet.     At  times  fancied 


a  \.i>  minute  disc  could  l>e  glimpsed,  bul  prohably  illusory.  Ei*os 
occulted  a  12M  star-  which  forms  tin'  second  observation  mi  Dec.  1. 
Powers  i«i."i  and  500  were  used,  and  the  object  appeared  single  for 
a 1 1. mi  lm  30".  —  Dec.  8th,  Seeing  4  ;  slightly  hazy.  —  11.::,  Conditions 
poor. — 13th,  Windy  :  seeing  poor,  -27th,  Stopped  by  clouds. — 
Jan.  8th,  Hazy.  —  9th,  rhe  n.f.  star  oi  apairoi  close  10"  stars  was 
vised.  —  29th,  Light  clouds. 


LATITUDE-OBSERVATIONS    MADE    AT   THE   IMPERIAL   ASTRONOMICAL 

OBSERVATORY   AT    KASAX, 

Bi    M.  A.  6RATCH0F,  Observes    \  v  che  Observatory. 
[Communicated  bj   rum.   In  biago,   Director.] 

Series  VI* 
Date  9  Pairs  Date  f  Pairs  Date  <f  F 


1899  V- 

1 

55    17  23.24 

17 

99 

23.03 

15 

24 

23. 1 2 

9 

27 

23.18 

2 

1'   c 

11 

■_'.';..'  17 

13 

17 

23.47 

17 

27 

22.95 

8 

29 

23.24 

17 

30 

23.20 

17 

L! Jan. 

5 

23.57 

17 

9 

23.13 

17 

10 

23.24 

11 

11 

23.31 

17 

19 

23.33 

17 

31 

23.20 

8 

Feb. 

6 

23.48 

Hi 

7 

23.33 

16 

8 

23.12 

16 

9 

23.16 

8 

19 

23.15 

16 

21 

2  •'  > .  27 

16 

22 

23.30 

it; 

Mar 

7 

23. 12 

8 

17 

23.10 

•) 

18 

23.54 

15 

L9 

23.35 

15 

21 

23.21 

15 

22 

23.09 

15 

25 

23.12 

15 

30 

23  l" 

15 

Apr 

5 

23.1  1 

15 

6 

55    17  23.20 

15 

1900  &.pr. 

il 

55    17  23.21 

15 

L2 

23.34 

15 

28 

23.39 

15 

30 

23.32 

13 

May 

•  > 

23.18 

11 

3 

23.46 

4 

6 

23.35 

6 

7 

23.34 

8 

8 

23.31 

\r, 

15 

23.27 

8 

17 

23.36 

5 

18 

23.38 

11 

19 

23.35 

16 

20 

23.39 

16 

21 

23.38 

15 

June 

16 

23.25 

14 

17 

23.20 

14 

19 

23.18 

14 

July 

7 

23,21 

.'! 

8 

23.28 

3 

It) 

23.20 

16 

16 

23.26 

4 

17 

23.1 1 

13 

21 

22.99 

13 

23 

23.1  1 

11 

An- 

1 

23.18 

13 

2 

23.18 

3 

7 

23.20 

13 

12 

23.10 

21 

L3 

23.10 

11 

1  1 

23.06 

20 

20 

55   17  22. '.»7 

7 

1900  Aug.  24 
Sept,  21 
26 
27 
28 
29 
4 
6 
15 
18 
22 
24 
26 
3 
2(1 


55  47 


Oct. 


Nov 


55  47 


22.94 

17 

23.05 

15 

23.02 

15 

23.01 

1 

22  92 

14 

22.95 

14 

23.03 

13 

22.99 

13 

22.94 

4 

23.07 

16 

23.08 

17 

23.08 

12 

22.98 

17 

23.12 

17 

23.07 

7 

23.10 

2 

Provisional  Reduction. 

1901  Jan.      2     55  47 
8 

15 
16 

Feb.       1 

9 

11 

13 

14 
18 

21 

26 


23.02 

S 

23  "it 

9 

23.07 

17 

23.02 

17 

22.96 

1 

22.96 

16 

23.06 

16 

23.1 17 

14 

22. SI 

11 

23.43 

8 

22.97 

7 

23.11 

8 

23.02 

16 

1899  Nov. 

15 

1899  S7 

23 

.97 

0  Jan. 

13 

Feb. 

l  1 

.12 

21 

22 

A  pr. 

15 

.29 

11 

.... 

17 

.46 

r. 

16 

1900.54 

55    1 7 


Monthly.    Means. 
Pairs  Date 


23.139 

13 

23  270 

72 

23.308 

'.in 

23.266 

104 

23.292 

L00 

23.265 

88 

L15 

23.210 

12 

23.136 

66 

900    \.ug.    13 

1900.62 

5.-,    17  23.082 

105 

Sept.  26 

.71 

22.987 

,-.'.i 

Oct.     17 

.80 

23.034 

92 

Nov.     9 

1900.86 

55    17  23. 1  <i5 

26 

•  ri:n\  [SIOK  \  i     III  in  i  i  [ON. 


1901    Jan.    12 
Feb.    16 


1901.03 
L901.13 


55    17  23.068         51 

55    17   23.1 135        1(1(1 
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DEFINITIVE   FORMULAS   FOR   COMPUTING   VARIATIONS   OF  LATITUDE, 

By  S.  C.  CHANDLER. 


'  The  observations  of  Doolittle  in  A.J.  490  conjoined 
with  those  of  Gratchof  in  this  number,  add  cumulative 
testimony  as  to  the  changes  going  on  in  the  annual  com- 
ponent ;  and  I  think  the  fact  of  these  changes  may  now 
safely  be  incorporated  in  the  numerical  theory.  Accord- 
ingly I  give  below  formulas  which  can  be  employed  with 
safety  for  correcting  observations  made  during,  say,  the 
past  thirty  years,  and  passably  for  the  whole  century.  The 
principal  uncertainty  attending  their  use  for  earlier  dates 
arises  from  uncertainty  in  the  law  of  the  changes  m  L  and 
u>.  For  these  two  elements  I  adopt  provisionally 
L  =  51°-45°  cos  (t- 1887.0)  6°        ,        w  =  (1898.0-*)  6° 

Observations  during  the  next  few  years  will  doubtless 
improve  them.     The  coordinates  of  the  pole  are 

x  =  i\  sin  (t—  T,)  6'  +  P  sin(/i+,u) 
y  =  »>!  cos  (t  —  2\)  6'  +  p  cos  (/?  +  w) 


where  >-,  and  1\  are  to  be  found  by  the  formulas  in  A.J.  490  ; 
and  P  and  j3  by  eq.  (19)  and  (20)  of  A.J.  406,  or 

P  =  s[l— essin2(©— i)]J        ,       tan  fi  =  -  tan  (©— L) 

where         a  =  0".275  ,  I  =  0".085  ,  >■-  =  0.906 

Then  the  variations  of  latitude  for  a  station  in  longitude 
A  (reckoned  west  from  Greenwich)  are  given  by 
q  —  %  =  x  sin  A  —  i/  cos  A 

The  following  tables  will  facilitate  the  application  of 
these  equations..  The  Julian  date  is  t=t0+r  (adding  ld 
after  February  in  leap  years).  L,  to,  0  and  fi  need  be  inter- 
polated only  to  the  nearest  degree.  In  using  Table  IV 
when  the  argument  Q  —  L  is  over  180°  it  may  be  dimin- 
ished by  180°,  but  the  value  of  fi  so  taken  out  is  to  be 
increased  by  180° ;  in  other  words  fS  is  in  same  quadrant 
with  Q  —  L. 


1 

II 

III 

IV 

V 

h 

Beg.  ofYr.  L 

CO 

T 

Date 

0 

Ti 

ri 

Q-L      p 

p 

t—Ti 

sin 

cos  /3+co 

2404063= 

=  1870.0 

60.4 

168°.0 

0 

Jan. 

0 

280.0 

240  1880 

0.210 

0°   0°0 

0.137 

d 

0.0 

0.00 

+  1.00   0° 

4428 

71.0 

55.7 

162.0 

10 

10 

2S9.8 

2312 

.21  1 

5  i.r> 

.136 

11.0 

+  .17 

0.98  10 

4793 

72.0 

51.0 

156.0 

20 

20 

299.7 

2743 

.219 

10    3.1 

.135 

23.8 

.34 

.94  20 

5159 

73.0 

46.3 

150.0 

30 

30 

309.5 

3174 

.223 

15   4.7 

.133 

35.7 

.7,0 

.87  30 

5524 

74.0 

41.6 

144.0 

40 

Feb. 

9 

319.4 

3605 

.225 

20   6.4 

.130 

4  7.6 

.64 

.77   40 

5889 

75.0 

37.1 

138.0 

50 

19 

329.3 

4037 

.227 

25   8.2 

.126 

70.7, 

.77 

.04   50 

(1254 

76.0 

32.7 

132.0 

60 

Mar. 

1 

339.1 

4468 

.228 

30   10.1 

.121 

71.4 

.87 

.50  60 

6620 

77.0 

28.5 

126.0 

70 

11 

349.0 

4900 

.220 

35   12.2 

.115 

83.3 

.94 

.34   70 

6985 

78.0 

24.5 

120.0 

80 

21 

358.8 

5331 

.230 

40   14.5 

.100 

95.2 

II. OS 

+  .17   80 

7350 

79.0 

20.9 

114.0 

90 

31 

8.7 

5763 

.229 

45   17.2 

.102 

107.1 

1.00 

.00  90 

7715 

80.0 

17.6 

108.0 

L00 

Apr. 

10 

18.6 

0194 

.228 

50   20.2 

.094 

119.0 

0.98 

-  .17  100 

8081 

81.0 

14.6 

102.0 

110 

20 

28.4 

6626 

.227 

55   23.S 

.086 

130.9 

.94 

.34  110 

8446 

82.0 

12.0 

96.0 

120 

30 

38.3 

707,7 

.227. 

60  28.1 

.078 

142.8 

.87 

.7,0  120 

8811 

83.0 

9.9 

90.0 

130 

May 

10 

IS. 2 

7  1  ss 

.223 

65  33.5 

.00'.) 

17,4.7 

.77 

.64  130 

9176 

84.0 

8.2 

84.0 

140 

20 

58.0 

7919 

.2  10 

70  40.4 

.061 

100.0 

.0  1 

.77  140 

9542 

85.0 

7.0 

78.0 

150 

30 

67.8 

8351 

.214 

77.  49.0 

.07,1 

178.5 

.7,0 

.87  150 

240  9907 

86.0 

6.2 

72.0 

160 

June 

9 

77.7 

8782 

.210 

80   60.3 

.048 

190.4 

.34 

.01  160 

241 0272 

87.0 

6.0 

66.0 

170 

19 

87.5 

021:; 

.20  1 

85   74.2 

.041 

202.3 

+  .17 

O.OS  170 

0637 

88.0 

6.2 

60.0 

180 

29 

07.1 

2IO00I1 

.198 

oo  90.0 

.0  12 

214.2 

.00 

1.00  ISO 

1003 

89.0 

7.0 

54.0 

190 

July 

9 

107.2 

211  on;.", 

.102 

07,  107,.  S 

.044 

226.1 

-  .17 

.98  190 

1368 

90.0 

8.2 

ISO 

200 

19 

117.1 

07,07 

.184 

loo  110.7 

.048 

238.0 

.34 

.94  200 

1733 

91.0 

9.8 

42.ii 

210 

29 

120.0 

oo:  is 

.178 

lo;,  131.0 

.071 

2I0.S 

.7,0 

.87  210 

2008 

92.0 

12.0 

30.0 

220 

Aug. 

8 

L36.8 

1369 

.168 

110  139.6 

.061 

261.6 

.64 

.77  220 

2404 

93.0 

1  1.5 

30.0 

230 

18 

1  16.6 

lsoo 

.100 

117,  1  16.5 

.069 

27:;.7, 

.77 

.64  230 

2829 

94.0 

17.5 

24.0 

240 

28 

L56.5 

22: 10 

.  1  7,2 

120  17,1.0 

.078 

285.6 

.87 

..-id  24  0 

3194 

95.0 

20.8 

18.0 

250 

Sept 

7 

100.1 

20011 

.1  13 

127  17,6.2 

.(ISO 

207.7, 

.0  1 

.34  27,o 

3559 

90.0 

24.5 

12.0 

20O 

17 

170.2 

3090 

.135 

l;;o  L59.8 

OOI 

.".00,1 

0.98 

-  .17  200 

3925 

97.(1 

28.5 

6.0 

270 

27 

L86.1 

3520 

.  1  27, 

137,  162.8 

.102 

321.3 

1.00 

.oo  270 

11".  10 

98.0 

32.7 

0.0 

280 

Oct. 

7 

1  O.V.I 

3949 

.116 

110  167,.7, 

.109 

333.2 

0  98 

+  .17  2SO 

4655 

1S99.0 

37.1 

354.0 

290 

17 

205.8 

1378 

.107 

1  17,  167.8 

.117, 

345.1 

.01 

.34  20O 

5020 

1900.0 

41.6 

348.0 

300 

27 

215.7 

1806 

.007 

150  loo.o 

.121 

357.1 

.87 

.7,0  300 

5385 

01.0 

16.3 

342.0 

310 

Nov, 

6 

22.-..:, 

72:;:; 

.087 

155  171.8 

.120 

369.0 

.77 

.64  310 

5750 

02.0 

51.0 

336.0 

320 

16 

235.4 

.-,o;,;  i 

.077 

loo  i;:;. o 

.130 

380.9 

.64 

.77  320 

6115 

03.0 

55.7 

:;:;<>. fi 

330 

26 

245.2 

6083 

.069 

L65  177,.:; 

.133 

392.8 

.70 

.87  330 

2416480  = 

=  1904.0 

60.3 

324.0 

340 

Dec. 

6 

255.1 

211  07,00 

(.062 

170  170.0 

.135 

404.7 

.34 

.0  1  340 

350 

16 

265.0 

177,  L78.5 

.136 

415.6 

-  .17 

o.os  350 

360 

26 

274.8 

lso  L80.0 

0.137 

I2S.7 

o.oo 

1  1.00  360 
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OBSERVATIONS   OF   COMET  c   L900  (giacobwi), 

Bl    R.   G.   AITKKN. 


190]  Mi.  Hamilton  M.I'. 

* 

No. 
i  !omp. 

+ 
/S 

ft/'s  apparent 
a            I              8 

log  pA 

for  a           for  8 

Jan.  L3     < 

Lo     6  5  1     9 
Feb.  Lo     8     '.'11 

2 
3 
6 

LO,  8 

8  .  8 
8  .  8 

Lo!3o 

+  s.ss 
-  9.83 

+  5  ;;i.i 

-1       1.7 

+  2    0.1 

0  52  27.97 

1  2  31.42 

3   LO  1  Lor, 

22  22  L8.6 
-22      1  23.9 
-14  44     0.6 

9.369 

9.292 

9. 197 

0.865 

0.869 
0.815 

Mean   Places  for  1901.0  of  Comparison- Stars. 


Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

27.1  1 

+  0?68 

_22  28     2.3 

-4.9 

A  Icelander's  Southern  Zones  41  6 

2 

0  52    12.63 

+  0.69 

-22  27  44.7 

-5.0 

Micrometer  comparison  with  (1) 

3 

1     2  21.82 

+  0.72 

-22     3  1  l.i) 

-5.2 

Micrometer  comparison  with  (1) 

1 

1      3    15..  19 

+0.73 

-22     8    L0.9 

-5.3 

Porter,  (Jinn.  Zone  Catal.  155 

5 

3  1"   L1.03 

+  1.03 

-14    is  39.7 

-9.0 

Paris  Catal.  3888 

6 

3   L0  22.85 

+  1.03 

-14  45  51.7 

-9.0 

.Micrometer  comparison  with  (5) 

The  first  two  measures  were  made  with  the  12-inch,  the  last  with 
the  86-inch  equatorial,  -I"  in  everj  case  being  measured  directlj  with 
the  micrometer.     On  February  15,  the  comet   was  very  faint.     In 

fact,  the  7."'  magnitude  Mar  i  \n.  .*>i  hail  tu  be  placed  outside  the  field 
Lid    0  <     ry,   University  of  '  alifornia,   l'.»'i  March  14. 


tn  make  measure  of  the  comet  possible.  Careful  search  with  the 
36-inch  on  .March  8,  under  good  conditions,  failed  to  show  any  trace 
of  the  comet.  The  positions  gr\  en  above  are  in  good  agreement  with 
those  computed  from  Kui:t  iz'-  elliptic  elements. 


THE  BENJAMIN  APTHORP  GOULD  FUND. 

■  the  appropriations  announced  in  .).•/.  477  the  following  additional  grants  have  been  made:  to  Mr.  John 
\.  Paekhi  kst,  $30;  to  Dr.  Herman  S.  Davis.  $500;  to  Mr.  Paul  S.  Yendell,  $225;  to  Prof.  Simon  Newcomb, 
$25.  A  considerable  additional  amount  of  income  has  accrued,  for  the  distribution  of  which  applications  are. 
awaited.  These  applications  may  be  made  by  letter  to  any  of  the  Directors  undersigned  stating  the  amount 
the  proposed  investigation,  and  the  manner  in  which  the  money  is  to  be  expended.  The 
following  information  is  given  for  the  guidance  of  applicants. 

The    Benjamis    Apthobp   Gould    Fund   was   established    in    1897   by    Miss    Alice    Bache    Gould,  to  advance   the  science  of 

astronomy,  and  to  b ■  the  memory  of  her  father  by  ensuring  that  his  power   to   accomplish   scientific  work   shall    not   end  with  his 

death.     The  principal  is  520,000,   vested  in  the  National  Academy  of   Sciences  as  Trustee.      The  income  is  to  be  administered  by  the 
undersigned  and  their  successors  to  assist  the  prosecution  of  researches  in  astronomy. 

ognition  of   the   fact    that  during  Dr.  Gould's   lifetime   his  patriotic  feeling  and   ambition   to   promote   the  progress  of   his 

chosen    science  were   i  loselj   a dated,   il    is    preferred    that    the  Fund   should  be  used   primarily  for  the  benefit  of  investigators  in  his 

own  country  or  of  his  own   nationality.      But   il   is  further  recognized  that  sometimes   the   best   possible   service  to  American  science  is 
lintenance  of  close  communion  between  the  scientific  men  of  Europe  and  of   America,  and   that  therefore,  even  while  acting  in 

the  sp  ■■'  restriction,   it   may  occasionally  be  best  to  apply  the  money  to  the  aid  of  a  foreign  investigator  working  abroad. 

work  in  the  astronomj   of  precision  will  be  preferred  to  work  in  astrophysics,  both   because   of  Dr.  Gould's   especial 
predilection  and  because  of  the  present  existence  of  generous  endowments  for  astrophysics. 

Finally,  the   Benj  \min   Apthobp  Got  i.n  Fi  std  is  intended  forthe  advancement  and  not.  for  the  diffusion  of  scientific  knowledge, 
and  is  to  be  raj   the  actual  expenses   of   investigation,  rather   than  for  the  personal  support  of  the  investigator  during  the 

bis  researches,  without  absolutely  excluding  the  latter  use  under  exceptional  circumstances. 

In  addition  to  the  above  call  for  applications  the  Directors,  desiring  to  stimulate  the  participation  of  American 

iring  up  the  arrears  of  cometary  research,  offer  to  them  the  sum  of  $500  for  compu- 

of  the  "definitive"  orbits  ol    comets  (see  list  in  A.J.  L93,  p.  104) ;    this  sum  to  be  distributed  at  the  average 

rate  of  $100   for  each  computation,       the  amounl    to    vary  according    to   the    relative  difficulty  of   the  computation, 

and  i  mined   by   the    Directors    of    the   Gould   Fink.       Computers  should  promptly  notify  the  Directors  of 

their  and  manuscripts  should   be  submitted  not  much  later  than  July  1,  1902. 

LEWIS    BOSS,       SK/ril    C.  CHANDLER,       ASAPH    HALL. 
1901  March.  


C  O  X  T  E  X  T  S  . 
The  Problem  of  Thkee  Bodies,  bi    A.   Hall. 

i\   nu:  Visual  Spectrum  oi    Nova   Pebsei,  r.v  Edwik  B.  Frost. 
Observations  or  (  i00    Borrell-s    Bbooes),   bi    Mar's    E.   Btkd. 

nations  oi    Minor  Planets   vnd  Comets,  bi    Mari    W.  Whitnei    ind  Caroline  E.  Furness. 

(  »BSI  i.  I   K"-.    Bl     II  EB1  R    D.    CURT!  -. 

I.  si  1 1 1  m  Observations  hi    Imperial    Lstronomn  u.  Obser^  ^.tor-s    a  i    Easan,  i;\   M.  A.  Geatchof. 

r'n  i:\it  las  for  Computing  Variations  oi    Latiti  m  .  bi   S.  C.  Chandler. 

ii.   i-.\    R.  G.  An  m  \. 
min  Apt ep  Got  i  d  Ft  kd.  
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DEFINITIVE   ORBIT 

By  HENRY 

The  second  cornet  of  1894  was  discovered  by  Mr.  Waltek 
F.  Gale  of  Sydney  on  the  morning'  of  April  1,  and  was  ob- 
served for  four  months  at  all  the  principal  observatories. 
When  discovered  it  showed  a  strong  central  condensation, 
but  no  nucleus.  About  the  time  of  passing  perihelion  a 
short  tail  7'  to  10'  long  appeared,  and  as  the  comet  ap- 
proached the  earth  it  became  quite  a  conspicuous  object. 
It  was  photographed  at  Sydney  April  .">.  and  by  Wolf  at 
Heidelberg  on  May  6.  Photographs  made  by  Barnard 
have  been  reproduced  in  a  number  of  publications.  "When 
nearest  the  earth,  the  coma  appeared  from  10'  to  15'  in 
diameter,  and  about  the  same  time  it  developed  a  star-like 
nucleus.  It  was  last  seen  at  Nice,  August  21,  nearly  a 
month  after  observations  had  ceased  at  other  places. 

Approximate  elements  for  this  comet  have  been  pub- 
lished by  a  number  of  computers,  but  none  of  them  are 
exact  enough  to  furnish  a  basis  for  a  definitive  orbit.  To 
remedy  this  defect,  an  ephemeris  was  computed  from 
Kohlsciu  tteu's  elements  found  in  A.N.  3231,  and  this 
was  compared  with  observations  at  intervals  throughout  the 
period  of  the  comet's  visibility.  From  a  curve  obtained  by 
plotting  the  results  of  this  comparison,  normal  places  were 
obtained  which  yielded  the  following  elements  : 

T  =   April  13.40693  Greenwich  M.T. 


(O 

=  324  12  23.0  ) 

=  206  23  54.:;  1894.0 

« 

t 

=  86  59  19.1  \ 

log  q 

=  9.9925918 

log  e 

=  9.9961180 

Equatorial  Coordinates. 

x  =  [9.9523218]  r  sin  (235°  42  0+0  +  v  i 
y  =  [9.7784575]  r  sin  (186  59  48.97  +  v) 
x    =   [9.9612655])-  sin  (313     3     5.5S  +  r) 

In  forming  the  list  of  comparison-stars,  I  have  been 
hampered  by  the  absence  from  the  local  library  of  the 
older  star  catalogues,  as  well  as  many  of  the  principal  ones 


OF   COMET  1894  II, 

A.   PECK. 

for  the  southern  heavens.  This  lack  has  been  met  in  part 
through  the  courtesy  of  Professor  Boss  and  Mr.  Eot  of 
the  Dudley  Observatory  at  Albany.  I  am  also  under  obli- 
gations to  Professors  Harkxess,  Pickerixi;,  de  Ball, 
Becker,  Kortazzi,  Van  de  S.  Bakhuyzen,  Bruns,  and 
Charlier,  who  have  furnished  in  manuscript,  star  places 
from  the  sections  of  the  A.G.  Catalogues  prepared  under 
their  direction.  In  addition  to  these  lists  the  following 
catalogues  have  been  consulted:  Albany  A.G. ,  B.B.  VI, 
Bonn  A.G.,  Berlin  A,  Berlin  B,  Brisbane's  Paramatta,  the 
Cape  of  Good  Hope  Catalogues  for  1820,  1840,  1850,  1860, 
1 885,1890, 1891 ;  Cambridge  A.G.,  Cordoba  General,  Cordoba 
Zones,  the  first  and  second  Glasgow,  CorELAxi.  and  I!.  Got- 
tingen,  Gill's  list  of  comparison-stars  in  A. X.  3308,  Green- 
wich 12,  6,  7,  9,  and  10-year  Catalogues,  Paris,  Porter's 
Cincinnati  Catalogues  of  Proper  Motion  Stars,  Radcliffe, 
Schjellerup,  Stone's  Cape,  Taylor,  Weiss's  Argelander, 
Weisse's  Bessel,  Washington  2d  Catalogue,  and  Yarnall. 
In  estimating  the  comparative  weights  of  the  southern  cata- 
logues, use  has  been  made  of  Boss's  paper  in  the  Astro- 
nomical Journal.  So  far  as  possible  all  positions  have  been 
reduced  to  the  A.G.  system.  For  stars  contained  in  the 
various  A.G.  Catalogues,  the  positions  there  given  have 
only  been  modified  when  observations  of  approximately 
the  same  relative  weight  could  be  obtained  elsewhere. 
After  thorough  search  in  the  various  catalogues  a  residuum 
of  fifteen  stars  remained  for  which  no  meridian  observa- 
tions were  obtained.  Through  the  cooperation  of  Professor 
Boss,  these  were  observed  on  the  meridian  circle  at  Albany, 
by  Mr.  Arthue  J.  Roy.  They  are  for  the  most  part  stars 
that  lie  outside  the  program  of  the  A.G.  Zones,  on  account 
of  their  faintness,  and  are  designated  in  the  following  list 
by  an  *.  Each  position  is  the  mean  of  two  observations, 
and  the  stars  correspond  to  the  following  DM.  numbers  : 


-  3.2390 
+21.2085 
+  26.2038 
+30.1987 


+  33.2008 
+34.2]  16 
+34.2149 
+  35.2180 


+35.2184 
+36.2127 
+  38.2204 

+  i:;.i'i74 


+  43.2202 
+  13.2222 
+43.2236 


(121) 


122 
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«  Iomp  prison-Stars. 

V 

8  189 

NTo. 

a  1894.0 

S  1894.0 

No. 

„  1894.0 

8  1894.0 

No. 

,,  1894.0 

S  1804. 0 

Oh 

55 

l"i    12.1  IS 

27  15  39  5 

1  1  1 

IL'"'  sV.o 

I    o  27  59.2 

173 

ls'":;i":;s 

1  23  57  21.1 

1 

_55  17  36.4 

56 

L6  36.72 

26  15  :,:,.:< 

115 

43  11.21 

3  52  28.1 

174 

5o  39.73 

2:;  5:;  53.6 

•> 

1 1  38.75 

55  12  32.8 

57 

22  12.75 

23  30    l.i 

lie, 

13  511.51 

I     l  33.8 

175 

5o   11.21 

25  ;;:;  27.3 

■" 

n;  16.79 

55  .".1  is  l 

58 

27  27.54 

22  11  34.8 

117 

16  18.37 

5  44  lo.l 

170 

51     S.07 

2  1  31  17.1 

1 

is  13.94 

55  30  H'.l 

59 

28  34.01 

23  12  23.9 

lis 

17    9.29> 

1      2    10.2 

177 

53  26.32 

2:;  17  19.3 

5 

54  32.1  1 

55  •-'<;  22.7 

60 

29  19.94 

23  1  1  34.6 

110 

17  20.86 

3  20    8.6 

17S 

50  21.00 

25  48    6.3 

6 

59  33.63 

55  23    2.7 

61 

31     6.89 

22  36  21.0 

12(1 

17  49.26 

1  is  30.1 

1 79* 

58    2.99 

25  52  17.3 

62 

39     1.45 

19  39  57.5 

121 

is     1.7  1 

2  18  48.9 

Iso 

58  15.52 

25  II  II." 

7 

27  35.52 

55  L0  15.7 

63 

39  21  79 

19  51  25.6 

1  22 

is  22,17 

2  13  35.2 

lsl 

58  ",o.71 

25  14  39.6 

8 

31  24.12 

;.  I  51  56.5 

64 

4  1    1  1.51 

18  38  18.0 

12:: 

is  27.16 

I     2  22.0 

1 82 

50  27.02 

27    0  18.2 

9 

.".1  55.71 

54   In  35.7 

65 

II     1.99 

18  5  1  37.3 

12  1 

is  54.91 

5  52    0.0 

10h 

l»i 

10  22.85 

54  is  23.2 

66 

45    2.68 

is  11  23.1 

125 

49  24.40 

1  32  50.7 

IS.", 

1  27.39 

+  27  18    3.8 

11 

11  34.91 

:,1  is  19.6 

67 

45     1.85 

18  39  59.0 

1211 

49  50.13 

5  58  11.0 

184 

1  51.09 

27  11    7.7 

11' 

il  51  S3 

54  36  27.7 

68 

17  25.09 

17  30  35.4 

127 

50  45.99 

3  58  27.3 

is.-, 

1   5  1. OS 

27    0  12.3 

13 

-,li  'JIM'S 

7,4  25  11.2 

69 

50  45.29 

15  17  53.8 

12S 

54  15.75 

7  32  55.6 

180 

2     0.21 

27  18  55.5 

14 

59  32.89 

53  54   18.1 

7(t 

51  13.66 

15  30  37.3 

129 

57    1.09 

7  16    O.l 

1S7 

5  34.04 

28  21  57,1 

■i1' 

71 

51  21.90 

15  13  40,1 

130 

57    1.47 

7  20  44.9 

188 

10  13.17 

20  50  18.5 

15 

L5  38.38 

-53    '.»  U.9 

72 

53  12.95 

1  1  21  27.2 

131 

57    6.00 

7  42  55.5 

189* 

11  49.68 

29  50  4S.6 

16 

16    3.00 

53    7    5.0 

73 

53  33.36 

15  27  59.3 

132 

57  36.63 

7  14    0.7 

100 

14  39.07 

20  28  30.9 

17 

22  1171 

52  10  32.4 

74 

53  51.80 

15  22    6.2 

133 

50  18.14 

8  14  47.3 

191 

15    0,17 

30   11   50  2 

L8 

32  25.50 

52  55  48.2 

75 

56  44.66 

1  1  28    1.2 

134 

50  18.33 

7  14  43.5 

192 

16  50.00 

30  51  59.3 

L9 

35    8.68 

52  15  53.3 

76 

57  11.31 

14  35  20.4 

9* 

193 

17  2S.S0 

30  23    5.8 

20 

36  26.66 

:,1  52  50.4 

8" 

135 

0  25.12 

+    7  30  40.7 

104 

18    2.90 

30  44  10.0 

5h 

77 

it  35.31 

-13  10  15.0 

136 

1  12.57 

10  17  53.0 

105 

19  41.05 

31  41  14.3 

21 

5  21.45 

-49  26    1.2 

78 

:;    5.19 

13  11  59.1 

137 

3  22.97 

7  50  31.9 

100 

21  13.94 

31  25  43.5 

22 

6  25.74 

49    6  45.1 

79 

3  55.06 

11     1   18.3 

138 

4    1.68 

10  11  37.7 

107 

23  2-1.42 

32  32  50.5 

23 

9  17.  is 

49  11  12.0 

80 

5  31.61 

11  13  54.5 

139 

4    3.08 

10  :;7  47.6 

108 

25  50.32 

32  55  24.7 

24 

17  36.90 

IS     7  7.S.I 

81 

6    0.61  • 

11  36    8.3 

140 

6  15.27 

10  11    8.7 

100 

25  58.46 

32  43  ISO 

25 

29  28.27 

47  33    5.0 

82 

6    6.50 

1 1  20  55.8 

141 

6  16.59 

10  10  10.6 

200 

26  14.77 

33  23    8.2 

26 

33  L0.11 

47  22  12.9 

83 

7  21.07 

10  30  54.5 

142 

6  40.20 

10  24  10.1 

201 

26  18.99 

32  41  57.5 

'_'  i 

40  16.82 

46  30    4.1 

84 

7  36.37 

10  13  16.3 

143 

6  5  1.88 

10  IS  17.4 

202 

26  29.20 

32  30    8.6 

28 

t0  10  64 

15  52  53.6 

85 

1 1  35.57 

8  43  37.9 

144 

7  12.41 

11    6  16.2 

203 

20  .",1.00 

.",1  57    8.1 

29 

i;:  56.07 

15  11  21.5 

86 

11    10.34 

8  11  14.5 

145 

7  40.34 

10  41  36.4 

204* 

20  51.87 

33  38  53.2 

:;ii 

16  16.61 

44  42  52.9 

87 

12  16.88 

8  40.  15.0 

140 

12    6.45 

1 1  50  42.2 

205 

30  47.64 

33  35  25.3 

:;] 

50  16.43 

43  34  39.8 

88 

17  36.76 

0  21    19.6 

147 

14    O.Ol 

13  10  20.4 

200 

.",1  44.48 

33  17    3.0 

32 

54  38.54 

I:;  36  U.3 

89 

17  43.41 

7  12  15.0 

148 

14     1.60 

13  22  11.8 

207 

."1  48.44 

33  14  19.1 

33 

57  55.79 

13  54  18.8 

90 

17  47.07 

7  40     7.2 

149 

15  31.40 

13  33  51.2 

208 

.",2  15.34 

32  31  35.8 

34 

59  19.67 

43    1  25.3 

91 

18  22.55 

6  30  48.8 

150 

16  27.67 

13    0  27.6 

209 

33  10.16 

33  23  11.2 

•ih 

92 

18  57.13 

5  20  13.9 

151 

18  12.39 

13  50  .",5.2 

210* 

33  18.47 

34  24  24.2 

35 

3  24.59 

-42  17    7.6 

93 

11)  17.95 

3  24  27.0 

152 

19  32.99 

14  38  50.1 

211 

33  58.73 

34  15  43.7 

36 

l    2.86 

11  33    6.0 

'.U 

20  21.50 

5    8  17.2 

153 

20  50.39 

15  31  28.6 

21 2* 

:;i  52.71 

33  55  46.5 

37 

in  52.35 

11  37  17. 8 

95 

20  2  LSI 

:;  33  38.8 

154 

21    8.01 

14  45  49.0 

213 

."4  53.88 

34  12    o.l 

38 

L3    5.29 

in  29  57,s 

96 

21    9.74 

6    7  34.9 

155 

22  35.50 

15  37  38.8 

214 

35  58.69 

34  50  10.0 

39 

13  25.57 

41  29  35.2 

(.>7 

22    4.27 

o   :;  37.2 

156 

22  41.71 

1 3    S  24.0 

215 

36    3.66 

35    3  59.2 

40 

22  17.91 

38  52  26.6 

98 

22  2(1.22 

4  47  48.9 

157 

22  48.17 

15  53  12.7 

216 

37  32.89 

35    3  57.1 

11 

31   12.03 

37  21   11.8 

99 

27  29.95 

:;  11  56.3 

158 

23  32.48 

15  50    4.3 

217* 

40  33.65 

35  28  15.li 

11' 

31  54.53 

37  16  13.5 

100 

27  33.61 

3  29  33. 1 

159 

2  1  15.85 

15  43  32.5 

218 

40  46.37 

35  17  200 

13 

32  10.80 

35  59  53.6 

101 

27  55.09 

1  51    12.7 

1011 

25  48.61 

16  14  12.2 

210 

40  52.38 

34    7    2.0 

44 

:;:;  33.49 

36  54     1.1 

102 

28    1.50 

1  57  50.0 

101 

28  53.38 

10  55    4,1 

""n  ■ 

41     9.00 

35  43  37.9 

45 

34    6.49 

36     1     8.5 

103* 

28  21.43 

3  17  25. S 

162 

.-',0    5.03 

20  31    5.9 

221 

11  47.53 

."1     8  55.0 

16 

36  14.21 

36    '-'    8.2 

104 

28  40.99 

1  12  13.4 

163 

30  16.62 

is  13  1 1.:: 

222 

45  10.50 

.",(',  2  1     3.8 

47 

i:;  28.89 

34  37  56.0 

105 

29    0.71 

2  21   16.0 

164 

31  11.69 

10  5  1    15,1 

22." ' 

1.",  43.24 

.",0  10  33.6 

18 

17  1  1.33 

34    9     1.9 

L06 

29  I7.U5 

2  2;;  28  i 

107, 

33  34.94 

is    3  lis 

22  1 

40    0.00 

36     5  52.7 

19 

50  22.77 

34    5  22.8 

1(17 

30  In '.in 

2  2ii  17.9 

100 

34  18.81 

20  17  25.0 

225 

IS  48.26 

.".7  10  27.5 

50 

50  45.49 

32  39  22.7 

ins 

31  13.88 

3    s  38.3 

167 

36  38.83 

20  27     o.o 

220, 

is  56.83 

36  1."    0.4 

51 

55    2.7  1 

32  34  37.3 

109 

32  24.35 

-   1  11     1.1 

168* 

37  .",0.05 

20  50  30.8 

"27 

51     2.S0, 

.",7  11  27.7 

7h 

110 

39  15.92 

•      nil    47,", 

ICO 

37  20,15 

2o  lo  38.5 

228 

51  31.36 

38  12  53.6 

52 

n  57.81 

31  21  57.6 

111 

39  50.1  1 

ii    5    9.4 

170 

42    3.08 

2o  32  1S.5 

229 

52  31.23 

37  35  52.:: 

53 

::    6.37 

30  37  15.1 

112 

39  57.H2 

0  34  56.2 

171 

12  51.70 

22  32   10.0 

230 

53  35.04 

.",7    5     7.1 

.".I 

12  19.98 

-27  11  38.4 

L13 

39  59.04 

+  o  in    0.6 

172 

is  31.25 

+  21  57     0,", 

231 

53  38.26 

+  38  1"    S.3 

N'os.  490-497 
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No. 

a  1S94.0 

8  IS94.0 

Xo. 

a  L894.0 

8  1894.0 

Xo. 

a  1894.0 

8  1894  0 

Xo. 

„  1894.0 

81894.0 

10h 

°     '     " 

219 

lfllVU 

+  40°  4  22.7 

268 

50m31.37 

+  42°51  l."..o 

2S6 

17"    l>,s 

+43°29  5,vs 

232 ' 

54  14.50 

+  38    5  45.5 

250 

13  43.42 

in  11  lo.o 

269 

50  54.07 

41  36  12.6 

287 

17  59.83 

l:;  10     7.1 

:.•;;:; 

5!  36.66 

37  38  32.2 

25 1 

14  31.54 

40  ■'■»  59  6 

170 

51  13.15 

43     1  26.6 

288 

19  11.53 

43  40  32.1 

134 

»o  46.13 

38  34  38.0 

252 

15   11. 7  1 

40  14   16.3 

171 

51   18.05 

43    5  10.0 

289 

10    15.."  1 

43  20  17.0 

235 

55  52.06 

.".7  11  44.7 

253 

15   17. so 

41     o  19.1 

171 

5:;  10.85 

13    .".11.1 

290* 

lo  22.60 

43  34    0.4 

236 

56  14.81 

37  33    7.7 

25 1 

16  11.59 

lo  30  15.7 

273* 

5  1  58.00 

13  lo  l.vi 

101 

23  59.55 

13  36    3.0 

237 

57  19.31 

38  21  4.5.1 

255 

16  55.00 

10  15  23.1 

274 

:<:<  33.96 

11  10  ll.o 

2Q2  • 

17     1.94 

13  34  51.  s 

238 

58  37.70 

38  is  I.Vii 

256 

20  22.67 

4o  45  53.8 

275 

50  ,Vi.  14 

4i  r,r,  15.1 

103 

35  53.85 

43  34  49.5 

239 

58  50.48 

38  49    3.9 

257 

12  45.00 

41     3  4  7.7 

12" 

19  1 

45  35.78 

43  -j:<  -jr,.-, 

240 

.V.I  .V.I. Ml 

38   i  12.:; 

25S 

27     5.30 

11  ::o  51.2 

170 

1    5.52 

+  43  11  17.0 

105 

46  56:56 

43  28    6.8 

11" 

259 

31  33.42 

41  41  24.0 

"77 

1  42.53 

1."   U   .V.i.l 

100 

17  51.85 

43  21     7.1 

241 

1    0.80 

+  38  20  33.6 

200 

32    8.20 

11  53  41.7 

278 

l  36.60 

43  17  21.4 

197 

48  20.44 

13  20  53.0 

242 

1  37.83 

39  31  27.0 

261 

33  lo.ll 

41  43  51.5 

170 

3  17.71 

43  is    2.9 

298 

5  1  23.38 

43  19  11.4 

243 

2  L'.I.Tl 

38  59  :>:,.:, 

262 

30  40.23 

11    1  :;7.1 

280 

:;  5 5. '.i5 

43    4  19.5 

100 

54  47.50 

43  10  55.6 

244 

1  30.27 

38  33  13.5 

263 

38    0.42 

11  is  38.4 

281 

o  34.91 

43  30  38.1 

300 

57  48.48 

43  13  56.1 

245 

4  28.68 

39  14  20.2 

264 

44  51.50 

42  .".3  HI. 9 

282 " 

lo  30.91 

43  10  L5.6 

13" 

246 

7    9.09 

39  21  41.5 

265 

If,  IS. 3 7 

42  36  55.6 

283 

12    4.61 

1."  23    3.3 

301 

1  23.44 

+  43  lo  15.1 

247 

9  56.11 

39  23  15.2 

266 

47  10.33 

43    0  58.6 

284 

13  38.65 

43  39  5S.5 

301 

5    0.99 

43     7     1.7 

248 

10  25.96 

+  40  11     8.7 

207 

47  56.22 

+  42  43  45.2 

285 

15  30.17 

+  13  35    5.0 

303 

,",'.i  53.58 

+  42  27  27.4 

Stars  11,  16  and  28  have  well-defined  proper  motions  in  declination  of  +0''.114,  +0".056  and  +0".08S  respectively. 


The  observations  were  collected  from  the  usual  sources. 
Iu  the  following  comparison  with  the  ephemeris  only  the 
mean  appears,  whenever  the  comet  was  observed  more  than 
once  on  the  same  day  at  any  given  observatory.  Exception 
to  this  rule  has  been  made  when  two  series  of  observations 
exist  which  are  apparently  as  distinct  as  if  made  at  differ- 


ent and  widely  separated  points.  Whenever  a  correction 
of  the  time  of  observation  would  harmonize  otherwise  dis- 
cordant data,  this  has  been  done  without  calling  attention 
to  the  fact.  Obvious  typographical  errors  have  been  cor- 
rected, and  the  correction  for  aberration  has  been  applied. 
The  residuals  Ja  cos  8  and  z/8  are  in  the  sense  0  — C. 


Observations  of  Comet 

1894  II. 

Date 

Place 

App.  a 

7r 

Ja  cos  8 

App.  8 

7T 

J8 

* 

April    2.93927 

Windsor 

2  30  46.01 

0896 

-L04 

-55°  34' 52^3 

-5.0 

+  3.5 

1 

3.S750S 

Windsor 

36     8.02 

0.09 

-0.19 

36     4.1 

-2.1 

+   4.2 

1 

4.89332 

Windsor 

42  17.15 

1.01 

-0.15 

36  20.0 

-2.8 

+   2.7 

3,  4 

4.93825 

Sydney 

42  34.28 

1.03 

+  0.02 

36  19.2 

-5.2 

+   0.1 

2,3,4 

4.97073 

Melbourne 

42  49.11 

0.91 

+  0.19 

36  13.1 

-1.0 

+   9.4 

3 

5.88724 

Windsor 

48  3o.o:; 

1.00 

-0.11 

?,:>  20.7 

-2.5 

+   3.9 

3.  4 

6.94997 

Melbourne 

55  54.72 

1.01 

+  0.17 

32  34.1 

-2.1 

+  12.5 

5 

7.87384 

Windsor 

3     2  34.74 

1.14 

-0.45 

28  52.8 

-2.0 

-  0.3 

5 

7.89140 

Melbourne 

2  43.60 

1.08 

+  0.07 

IS  34.1 

-2.6 

+  12.4 

6 

10.95888 

Melbourne 

27  50.33 

1.20 

+  0.25 

1       S.4 

-3.3 

+   3.0 

7 

11.24817 

Cape 

30  27.20 

1.26 

+  0.11 

54  57     5.4 

-2.1 

+   3.4 

8 

11.57092 

Cordoba 

33  22.20 

1.27 

+  0.02 

52     9.5 

-7.0 

+   4.9 

9 

11.89882 

Windsor 

36  29.93 

1.31 

+  0.03 

40  48.1 

-3.2 

+   2.1 

9,  10, 

12 

11.94476 

Sydney 

36  50.10 

1.30 

+  0.08 

46     0.4 

-5.8 

-  0.5 

9,  11, 

12 

12.26870 

Cape 

40     3.57 

1.32 

+  0.55 

40  11.8 

-3.3 

+   0.8 

12 

12.54693 

Cordoba 

42  45.S1 

1.34 

+  0.06 

34  51.5 

-7.2 

-   4.5 

12 

13.25240 

Cape 

49  51.57 

1.32 

+  0.17 

19  38.4 

-2.1 

-  0.5 

13 

13.49629 

Cordoba 

52  21.73 

1.38 

-0.42 

13  44.7 

-2.6 

+   1.5 

13 

13.87774 

Windsor 

56  22.97 

1.24 

-0.10 

1       1.0 

-1.5 

-   0.1 

14 

14.48964 

Cordoba 

4     2  59.78 

1.40 

0.00 

53   10  2o.o 

-2.0 

+  14.3 

14 

15.876S9 

Windsor 

IS  49. OS 

1.36 

-0.07 

52  58     0.5 

-1.2 

-  0.3 

15,  16 

15.95955 

Sydney 

19  48.29 

1.46 

+  0.28 

51  42.2 

-6.7 

-   7.7 

is 

16.89392 

Sydney 

.",1      7.98 

1.43 

-0.35 

13     6.7 

-2.2 

-  3.4 

19 

16.89562 

AVindsor 

31     O.so 

1.44 

-0.01 

11   5S. 0 

—  2.2 

-    1.2 

17 

17.24110 

Cape 

;',:,  30.84 

1.30 

+  0.13 

51  :>r>  30.3 

-0.9 

+   0.4 

20 

19.49038 

Cordoba 

5     5  12.22 

1.17 

-0.23 

49  32  39.9 

-1.2 

-   8.8 

21 

19.89633 

Windsor 

5  10  50.22 

L.46 

+  0.08 

-49     0  21.6 

-1.8 

-   0.4 

-■J.  23 
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Date 

Place 

App.  a 

IT 

Jacos  3 

App.  & 

n 

JS 

* 

April  L9.90873 

Sydney 

h      m       • 

5  11     0.79 

S 

1.51 

+  0^23 

-48°  50    19.8 

-  2.8 

-    o'.8 

22 

20.50620 

■  >ba 

19  25.54 

1.58 

+  0.8,2 

7    16.0 

-   2.1 

-   0.8 

24 

20.89643 

Windsor 

•J  I  59.12 

1.45 

0.00 

47  ::i    lo.s 

-  1.8 

-   0.5 

•Jo.  20 

21.53497 

i  lordoba 

34    L2.55 

1.61 

+  0.34 

46  26  40.2 

-  4.1 

+   2.2 

27 

21.8883^ 

\\  indsor 

39  21.51 

1.8  1 

+  0.02 

15   is   li.o 

-   0.9 

+  2.6 

28,  20 

22.48966 

i  lordoba 

48  11.88 

1.11 

+  0.81 

11   37  50.7 

-  0.9 

+   6.2 

30 

22.89205 

Windsor 

54     8.51 

1.80 

-0.07 

43  47  20.2 

-   1.6 

+   4.9 

33 

22.94746 

- 

54  5 7. CO 

1.60 

-0.03 

40     8.4 

-   5.5 

+   2.1 

81.  82 

23.2406] 

59   L9.05 

1.22 

+  0.36 

1    22.7 

-  0.5 

+   3.9 

::i 

23.49521 

Cordoba, 

6     3     6.72 

1.40 

+  0.50 

42  26  85.6 

-   1.3 

(-17.4) 

35 

23.90742 

Windsor 

9  13.45 

1.36 

+  0.00 

41  27     0.5 

-   2.4 

+   1.0 

36,  37 

23.91160 

Sydnej 

9  1S.31 

1.44 

+  0.25 

26  20.2 

-    8.2 

+   2.5 

39 

24.28321 

Cape 

11  51.16 

1.44 

+  0.77 

40  30  12.6 

-   3.5 

+   0.5 

38 

24.88819 

Windsor 

2.3  50.07 

1.17 

-0.40 

38  53     9.2 

-   1.8 

+   3.9 

to 

24.90786 

Sydney 

2 1     8.06 

1.37 

+  0.12 

49  54.6 

-  3.3 

+   0.9 

40 

25.26872 

Cape 

29  29.90 

1.30 

+  0.51 

37  48  33.7 

-  3.0 

+   2.5 

42 

25.52563 

Cordoba 

38  17.17 

1.44 

-0.07 

8  23.0 

-  4.2 

+   2.4 

41,  44 

25.89354 

Windsor 

38  42.75 

1.23 

-0.18 

35  56  31.7 

-  2.8 

+  4.2 

43,45 

25.90971 

Sydnej 

38  57.61 

1.33 

+  0.41 

53  36.4 

-   8.9 

-   0.7 

46 

26.30264 

Cape 

44  43.78 

1.44 

+  0.88 

34  39  15.3 

—  5.7 

0.0 

47 

iv,  .",0262 

( lordoba 

47  38.85 

1.29 

+  0.60 

33     0  22.9 

-   8.1 

-  0.1 

48,49 

26.90788 

Sydney 

53  30.77 

1.27 

+  0.02 

32  39  22.9 

-  4.6 

+   0.6 

50,51 

26.91541 

Windsor 

53  37.35 

1.30 

+  0.09 

40  47.0 

-   4.9 

+   4.4 

50,  51 

27.26686 

Cape 

58  41.48 

1.17 

-1-0.48 

31  25  15.5 

-   4.4 

+   0.2 

52 

27.48370 

Cordoba 

7     1    17.03 

1.09 

+  0.11 

30  39  30.6 

-   2.9 

-   2.7 

53 

28.26677 

( !ape 

12  50.48 

1.11 

+  0.64 

27  47  49.0 

-   5.5 

+   2.5 

55 

28.51343 

Cordoba 

16  16.45 

1.24 

+  0.99 

26  51  47.7 

-   5.4 

+  11.9 

56 

28.56753 

( lincinnati 

17     0.73 

1.11 

+  0.38 

40  14.2 

+  20.4 

-10.4 

r,G 

29.33114 

Marseilles 

27  25.19 

1.01 

-  0.52 

2:;  41  36.9 

+  21.2 

+  13.9 

57 

29.33500 

Algiers 

27  28.29 

1.01 

-0.54 

11      6.8 

+  19.6 

-12.7 

59 

29.49117 

Cordoba 

29  84.76 

1.01 

+  0.17 

8  17.7 

-   5.6 

-  5.1 

60 

29.55593 

Washington  Naval 

30   20.18 

1.13 

+  1.11 

22  48  11.6 

+  20.0 

-  0.8 

58 

29.58212 

Cincinnati 

30  48.26 

1.14 

+  0.70 

42     8.9 

+  20.0 

-10.4 

61 

30.26774 

i  !ape 

39  50.21 

0.98 

+  0.96 

19  55     2.7 

-   8.0 

-  0.5 

63 

30.33336 

Algiers 

40  40.59 

1   Ol 

+0.32 

89  23.0 

+  10.5 

+   2.0 

62 

30.55325 

Washington  Naval 

43  20.61 

1.06 

-0.61 

18  45  27.9 

+  19.3 

-   9.0 

f>C, 

30.57766 

Cincinnati 

43  48.34 

1.05 

-0.67 

39  19.6 

+  20.0 

-  0.8 

W,  67 

30.58742 

Wash.  Catholic 

18  56.39 

1.22 

+  0  01 

36  46.2 

+  19.0 

+   7.1 

64,  07 

30.86320 

Windsor 

47  27.63 

0.64 

-0.10 

17  28  10.8 

-   7.8 

+    5.S 

68 

May     1.27319 

Cape 

52  86.70 

0.95 

+  0.72 

15  46  26.5 

-   9.4 

+   2.0 

71 

1.32154 

O'Gyalla 

53  11.12 

1.00 

-0.31 

34  18.2 

+  21.8, 

+   3.5 

70 

L.341  15 

Vienna 

53  27.78 

1.06 

+  0.95 

69 

L.36615 

1  i-reenwich 

53  44.74 

0.92 

-O.50 

23  58.1 

+  22.8 

-  4.6 

74 

L.36634 

Algiers 

53  45.39 

1.02 

+  0.07 

23  49.0 

+  18.2 

-  2.5 

73 

1.55368 

Washington  Naval 

56     4.62 

o.os 

+  O.0!) 

14  37  15.3 

+  19.5 

-   3.5 

76 

1.57652 

Wash.  Catholic 

56  20.70 

1.11 

+  0.10 

31  29.5 

+  19.0 

+   0.4 

72,  75,  76 

1  58875 

Alli.mv 

56  29.61 

l.Ol 

-0.08 

28  33.1 

+  19.5 

-  2.1 

75 

1.91562 

Windsor 

8     0  28.54 

0.00 

+  0.38 

18     6  47.4 

-10.3 

+   4.6 

77.  78 

2.27358 

Cape 

4  45.99 

ll. so 

+  O.SS 

11  88     0.0 

-10.7 

-   1.7 

81 

2.3104  1 

Vienna 

5  11.98 

0.89 

+  0.70 

29  26.5 

+  21.4 

-   3.3 

82 

2.32675 

Vienna  B. 

5  22.83 

O.05 

+  0.05 

25  53.3 

+  20.9 

(-32.6) 

82 

2.36384 

Algiers 

5  49.01 

1.00 

+  0.09 

16     7.S 

+  17.6 

-   0.4 

80,  82 

2.38747 

Marseilles 

6     5.63 

1.02 

-0.10 

10  23.2 

+  19.0 

-   4.9 

79 

2.§5789 

Albany 

8     5.38 

O.0  1 

-0.44 

10  28     0.6 

+  19.5 

+    7.0 

83 

2.60664 

<  lincinnati 

9   10.03 

1.10 

+  0.23 

16   17.1 

+  18.2 

-   2.1 

84 

2.95772 

Windsor 

12  43.09 

1.19 

-0.05 

s    10     7.0 

-12.1 

+   8.2 

85,  86,  87 

3.26381 

Cape 

16  L3.36 

0.75 

+  1.10 

7  :;:>  21.1 

-11.5 

-    4.0 

90 

3.32962 

M;n  seilles 

16  56.59 

O.Sl 

-0.08 

19  51.5 

+  19.1 

-   0.1 

S9 

3.34771 

N  ice 

17     8.73 

0.96 

+0.13 

L5  30.4 

+  18.8 

-   0.3 

80 

3.36138 

Rome 

8  17  18.14 

1.12 

+  0.50 

-7  12  17.0 

•     1  S  1  1 

-  5.5 

SO 

N°s-  496-497 

THE     ASTRONOMICAL 

JO  URN  A  I. 

125 

Date 

Place 

A  pp.  a 

w 

JacOsS 

A  pp.  6 

71 

J& 

* 

May     3.55221 

Washington  Naval 

8  19  25.65 

o!85 

-o!os 

-  6°  26' 27*1 

+  17.5 

-   9.6 

91 

3.57565 

Albany 

19  41.21 

0.98 

-0.01 

20  41.7 

+  15.7 

-   3.0 

88 

3.63683 

Northfield 

20  22.30 

0.98 

+  0.42 

6     6.4 

+  18.8 

-   3.0 

96.  97      [102 
92,94,98,101, 

3.89535 

Windsor 

23  12.72 

0.71 

+  0.27 

5     4      1.4 

-12.3 

+    2.3 

1.3.31  is 

Nice 

27  54.34 

0.83 

-O.02 

3  22  21.o 

+  18.0 

-  4.8 

100 

t.33556 

Rome 

27  57.44 

0.95 

+  0.59 

21   16.3 

+  17.3 

+   5.3 

93 

4.34282 

Algiers 

28     1.80 

0.92 

+  0.2S 

19  28.5 

+  15.7 

+  lo.r. 

99 

4.36081 

Greenwich 

28  12.90 

0.75 

-0.26 

15  33.3 

+  20.1 

0.0 

103 

4.36555 

Liverpool 

28  16.67 

0.71 

+  0.41 

14  18.7 

+  20.6 

+   8.7 

93,  95 

L36870 

Bordeaux 

2S  18.29 

0.90 

+  o.:'.-, 

13  46.9 

+  18.4 

-   5.4 

108 

4.37957 

Toulouse 

28  25.34 

0.99 

+  0.46 

11   14.7 

+  17.7 

—  5.0 

108 

4.39657 

Cambridge 

28  37.21 

+  0.50 

6  53.5 

+   2.2 

108 

t.5981 1 

Washington  Naval 

30  4:;.  12 

0.89 

-O.40 

2  20  51.8 

+  16.1 

-  5.2 

106,  107 

L60615 

Cincinnati 

30  48.95 

0.99 

+  0.51 

18  59.1 

+  16.1 

-   2.4 

105 

4.90787 

Windsor 

33  56.88 

0.75 

-0.21 

-   1     9  54.8 

-13.2 

-   1.7 

104, 109 

5.26484 

Cape 

37  36.90 

0.65 

+  0.79 

+  0  lo  44.8 

-13.6 

-  3.0 

113 

5.31887 

Krakau 

38     8.73 

0.80 

+0.02 

21     7.5 

+  18.6 

-  3.1 

111,  112 

5.33738 

Vienna 

38  20.67 

0.87 

+  0.81 

25     6.9 

+  18.0 

-   8.8 

114 

5.35379 

Strassburg 

38  30.04 

0.83 

+  0.21 

28    19.9 

+  18.2 

-   2.0 

114 

5.35529 

Padua 

38  30.49 

0.93 

-0.13 

29     S.5 

+  17.2 

-   4.2 

112 

5.35S45 

Gottingen 

38  32.54 

0.82 

-0.13 

29  44.1 

+  18.9 

-   8.7 

110 

5.35966 

Prag 

38  33.01 

0.89 

-0.29 

28  47.2 

+  18.6 

(-81.8) 

-   4.6 

112 

5.36139 

Vienna  B. 

38  34.24 

0.78 

-0.21 

30  27.S 

+  17.9 

112 

5.36315 

Bordeaux 

38  35.77 

0.82 

-0.31 

30  54.1 

+  17.2 

2  9 

114 

5.36671 

Karlsruhe 

38  37.82 

0.88 

-0.27 

31   46.1 

+  18.3 

+   4.0 

112 

5.36926 

Toulouse 

38  39.86 

0.89 

+  0.77 

32  11.4 

+  16.6 

-  6.1 

112 

5.37402 

O'Gyalla 

38  42.31 

1.01 

+  0.37 

33  31.5 

+  17.9 

+  11.6 

112 

5.37417 

Marseilles 

38  42.0(1 

0.97 

-0.03 

33  26.3 

+  16.5 

+   4.0 

112 

5.37532 

Nice 

38  42.55 

0.79 

-0.29 

33  36.3 

+  16.6 

-   1.0 

112 

5.39080 

Bamberg 

38  52.09 

0.96 

+  0.08 

36  57.9 

+  18.4 

-   1.4 

112 

5.39597 

Lyons  L.C. 

38  55.20 

1.01 

+  0.12 

38     9.3 

+  17.3 

+   0.8 

110.  112 

5.40924 

Lyons  G. 

39     3.47 

1.04 

+0.43 

10   .V,.l 

+  17.3 

-    7.S 

110 

5.41455 

Jena  K. 

39     6.39 

0.99 

+  0.10 

42     6.3 

+  18.8 

-   4.8 

112 

5.86977 

Windsor 

43  37.36 

0.41 

-0.15 

2  20  59.5 

-14.0 

+   3.6 

122. 121 

6.32251 

Krakau 

48     0.31 

0.78 

+  0.85 

3  55  41.5 

+  17.4 

(+22.6) 

115. 116 

6.33710 

Vienna 

4.S      I.'.hi 

0.80 

+  0.60 

57      l.o 

+  16.9 

—   2.2 

127 

6.34734 

Dresden 

48  14.10 

0.79 

+  0.45 

4     0  23.0 

+  17.6 

-   1\S 

115 

6.35462 

Munich 

48   17.21 

0.84 

-0.51 

2     1.6 

+  13.8 

+   1.9 

12.3 

6.36582 

Kremsmunster 

48  24.55 

0.91 

+  0.48 

4     9.9 

+  16.9 

-   4.6 

118 

6.36668 

Berlin 

48  24.39 

0.88 

-0.22 

4   25.0 

+  18.8 

+   1.6 

123 

6.371m; 

Vienna  B. 

48  26.90 

0.94 

-0.59 

:,   13.8 

+  17.0 

-15.2 

123 

6.37188 

Bamberg 

48  27.43 

0.86 

-0.15 

5   26,1 

+  17.8 

-   2.0 

119,  125 

6.37188 

O'Gyalla 

48  27.10 

0.97 

-0.31 

5   21.2 

+  17.0 

-   8.0 

US 

6.41036 

Jena  K. 

48  49.10 

0.95 

-0.31 

13  18.8 

+  17.9 

-   3.4 

127 

6.41047 

Hamburg 

48  49. 56 

0.89 

+  0.02 

13  21.6 

+  18.5 

-   1.5 

120 

6.86590 

Windsor 

53     5.13 

0.34 

-0.73 

5  45  48.3 

-14.6 

+   3.2 

117,  124,  126 

Nice 

57  23.89 

0.73 

-0.48 

7   17  31.0 

+  14.0 

+   2.1 

1.32 

7.34  137 

Krakau 

57  26.38 

0.82 

-0.48 

17  2S.6 

+  16.2 

(-53.8) 
+   2.3 

1.32 

7.36152 

Bordeaux 

57  36.23 

0.73 

+  0.04 

21  43.0 

+  14.4 

134 

7.-37592 

Greenwich 

57  43.56 

0.70 

-0.40 

24  30.5 

+  16.4 

+    7.3      131.  132 

7.37645 

.Marseilles 

57  43.45 

0.90 

-0.61 

l'l  33.6 

+  14.1 

+    1.9 

132 

7.. ■19078 

Hamburg 

57   51.62 

0.81 

-0.23 

27     9.9 

+  17.3 

-   2.4 

129,  130 

7  395?7 

Cambridge 

57  54.89 

-0.19 

28  21.0 

+   0.2 

131.  132 

7.40504 

Liverpool 

58     0.04 

6.75 

+  0.47 

29  58.7 

+  17.'o 

+  3.3 

132 

7.42012 

Uccle 

58     8.19 

0.90 

+  0.67 

31  32.3 

+  16.7 

(-75.2} 

-   6.1 

L35 

7.43455 

Padua 

58  14.62 

1.06 

-0.44 

35  26.1 

+  15.6 

131 

7.60124 

Washington  Naval 

59   1  t.83 

0.92 

+  0.66 

8     7     0.5 

+  12.4 

-   0.2 

137 

7.61609 

Cincinnati 

59  51.96 

0.90 

-0.10 

9  45.7 

+  12.4 

-    1.6 

133 

8.32672 

Nice 

9     6     1.17 

0.6:: 

-0.31 

lo   is  4S.1 

+ 1 2.5 

1.3 

141, 143 

8.33586 

Strassburg 

.9     6     6.32      0.63 

+  0.19 

+10  20  25.3 

+  14.1 

+   1.3 

143 

126 
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Date 

Place 

\  i  'i •.  a 

IT 

J.i  COS  ci 

App.  f> 

n 

Ah 

* 

M.,\ 

8.34724 

1 

■I     6  11.91 

o!eo 

+0.13 

1  lo  22  3  1.3 

+  10.1 

I     2.7 

138 

8.34866 

1    '  1. 

6   12  16 

0.69 

-0.12 

22    11.5 

■  L3.3 

+     1.1 

1  lo.  1  11 

Lyons  G. 

6   19.36 

0.74 

+  0.64 

2  1  54.9 

+  13.4 

+   6.3 

III,  1  12 

6  22.77 

0.78 

+  O.C.2 

26     9.9 

+  14.5 

r  10.5 

1  13 

Toulouse 

6  21'. '.in 

0.76 

\  0.08 

26  17.S 

+  12.7 

f   3.0 

1  13 

8.38150 

Karlsruhe 

6  29.50 

0.82 

+0.37 

28  29.2 

+  14.7 

r     1.0 

1  13 

8.38161 

6  29. 1 1 

o. SL- 

+  0.22 

28  27.5 

+  1  1.1 

+   0.3 

1  13.  1  15 

S.43313 

J       i  K. 

6  55.33 

ii. '.»2 

+  0.15 

37  19.8 

+  16.1 

6.2 

1  15 

Berlin 

li  56  18 

0.90 

+  0.30 

37  34.6 

■  L6.8 

-11.0 

139 

8.47940 

1      ia 

7   18.47 

0.11 

-0.58 

4:.  53.7 

-14.3 

-    6.7 

i  t5 

8.6231  1 

IIIlKlti 

8  30.67 

0.85 

-0.13 

11    10  26.8 

+  10.0 

■r  0.5 

1  II 

8  84620 

Melbourne 

lo  22.64 

+  1.10 

18  52.6 

- 1 6.3 

+   1.2 

M.T. 

8.94034 

Windsor 

11     7.62 

6.7*8 

-0.48 

12     1  38.8 

-14.4 

+   1.5 

146 

9.32024 

Nice 

14   13.05 

0.56 

+  0.15 

13     6    li  1.6 

+11.2 

+    1.9 

1  17 

9  33802 

Ugiers 

1  1  2  1.es 

0.66 

-0.33 

9  30.1 

+    9.1 

-   3.0 

117 

'.i  33979 

Krakau 

14  23.02 

0.73 

+  0.S7 

9  23.3 

+  13.8 

(-22.3, 

1  IS 

9.34399 

K  remsmunster 

14  24.79 

0.72 

+  0.63 

10  23.3 

+  13.0 

-   3.9 

147 

9.34447 

Munich 

14  24.46 

0.65 

+  0.04 

10  31.9 

+  13.7 

+    1.2 

147 

9.34729 

Strassburg 

14  25.97 

0.65 

+  0.39 

10  55.5 

+  12.9 

-  3.5 

1  17 

9.35574 

Jena  W. 

14  29.84 

0.69 

+  0.03 

12  16.5 

+  13.9 

-   3.3 

150 

9.35660 

Padua 

14  29.67 

n.77 

-0.47 

12  13.0 

+  12.3 

-16.7 

147,  148 

9.36382 

Bamberg 

14  33.65 

0.73 

0.00 

13  38.8 

+  15.7 

+   2.8 

146,  147 

9.36653 

O'Gyalla 

14  33.94 

0.84 

-0.87 

13  50.6 

+  13.5 

-13.8 

147,  148 

9.36714 

Dresden 

14  36.12 

0.75 

+0.87 

14     :,.(y 

+  14.1 

-   4.2 

156 

9.37073 

Besancon 
Berlin 

14  37.14 

0.74 

+  0.19 

14   44.8 

+  12.8 

-   0.8 

147, 14S 

9.37183 

14  37.82 

0.75 

+  0.;;.-, 

14  51.4 

+  13.4 

-  4.3 

147, 14S 

9.37352 

Kiel 

14  37.77 

0.69 

-0.53 

15     4.0 

+  14.9 

-  6.5 

14  7,  149 

9.38917 

Vienna 

14  46.53 

0.88 

+  0.85 

17  28  6 

+  13.9 

-14.1 

148 

9.40369 

1  lamburg 

14  52.99 

0.78 

+  0.29 

19  59.6 

+  15.2 

-   1.4 

148 

9.42032 

i  rreenwich 

15     0.72 

0.79 

+  0.10 

22  36.2 

+  14.5 

-  5.5 

148 

9.42416 

Karlsruhe 

1 5     2.52 

0.90 

+  0.16 

23  12.0 

+  14.4 

-   6.6 

14S,  149 

9.42484 

Liverpool 

15     2.65 

0.74 

-0.18 

23  19.4 

+  14.9 

-   5.3 

1  is.  149 

9  12616 

Jena  K. 

15     3.69 

0.88 

+  0.35 

23  33.9 

+  15.0 

-   3.4 

149 

9.48139 

Gottingen 

15  29.41 

0.S9 

-0.25 

32  13.9 

+  16.3 

-11.4 

149 

9.56250 

Washington  Naval 

16     7.97 

0.86 

-0.24 

45  20.7 

+  10.2 

+  5.9 

1  19 

9.61943 

Wash.  Catholic 

16  35.51 

O.02 

+  0.41 

54  22.0 

+  10.5 

-  0.2 

151 

9.89990 

Windsor 

18  47.06 

0.48 

+  0.07 

14  38  19.2 

-14.9 

-   2.4 

152,  154 

10.32985 

Rome 

22     4.84 

0.68 

+0.62 

15    12  22.3 

+   9.8 

-13.0 

155 

L0.34534 

Kiew 

22  12.00 

0.79 

+  0.S5 

44  37.1 

+  13.3 

-11.5 

1 55 

10.35900 

Krakau 

22  17.28 

0.77 

-0.04 

46  53.2 

+  13.0 

+   3.8 

153 

10.37041 

Hamburg 
Algiers 
<  l-reenwich 

22  23.28 

0.66 

+  0.66 

48  18.5 

+  13.6 

-10.8 

1 58 

H».;;:  l  12 

22  23.15 

0.80 

+0.23 

is  33.8 

+   9.0 

-  8.2 

1 58 

10.37253 

22  23. 71 

0.60 

+  0.0'.) 

48  41.2 

+  12.6 

-   7.8 

158 

in  39201 

Lyons  L.C. 
<  ('Gyalla 

22  32.64 

0.80 

+  0.41 

51  33.1 

+11.6 

-   8.4 

155 

L0.39592 

22  34  in 

0.88 

+  0.17 

52     3.5 

+  13.0 

-11.0 

158 

L0.39813 

1  Iambi 

22  36.20 

+  0.39 

52  38.1 

-   8.7 

158,  159 

10.41824 

Liverpool 
Lyons  <■. 
Wash.  Catholic 

22    1  l  •_'  l 

0.70 

+  0.05 

55  24.4 

+  13.7 

-    5.3 

158 

10.47075 

23     7. si 

0.97 

+  0.26 

16     3     4.1 

+  13.3 

-   5.4 

158 

10.55718 

23    17.17 

0.58 

+  0.7O 

15  53.3 

+  8.3 

+   7.9 

160 

10.85133 

Melbourne 

25  58.01 

+  0.10 

57  49.2 

16.1 

-11.3 

M.T. 

L0.86206 

Windsor 

26     2.23 

6.25 

0.13 

59  19.9 

-15.2 

-   9.8 

161,  164 

L1.35738 

N  ice 

29  36.72 

0.69 

-0.06 

18     6  42.7 

+   9.5 

-10.1 

165 

1  1  38231 

Marseilles 

29   16.66 

0.77 

-0.66 

10    5.8 

+  9.8 

-   6.2 

163 

1 2.37226 

\  ice 

Si\  38.64 

0.72 

+0.08 

20  16     1.7 

+   8.9 

-   5.4 

166 

L2.39559 

Marseilles 

36    17.60 

0.79 

-0.2S 

is  59.5 

+  9.2 

+   3.1 

167 

L2.39672 

Bordeaux 

36    19.03 

0.72 

+  0.5C, 

18  55.8 

+   9.3 

-   8.5 

170 

L2.44317 

Jena  W. 

37     6.11 

0.82 

-0.87 

21  37.6 

+  12.5 

+   0.1 

101',  107 

L2.47367 

Liverpool 

37   L9.31 

0.76 

-0.04 

28  18.7 

+  12.8 

+    1.4 

107.  169 

L2.49524 

( rreenwich 

37  28.'00 

0.82 

+  0.05 

30  50.3 

+13.2 

-   1.7 

107 

12.57293 

Cincin 

9  37  59  74 

0.49 

+  0.36 

+  20  40  12.9 

+   6.4 

-   2.5 

100 
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Date 

Place 

App.  a 

7T 

Ja  cos  8 

App.  8 

n 

JS 

* 

May   12.62838 

Washington  Naval 

h      m       s 

9  38  20.86 

o!ss 

-0^24 

+  20° 46  ."'I  7 

+   7.9 

_f_   •>  ■> 

169 

12.67371 

Tacubaya 

38  38.89 

0.99 

-0.11 

52  14.9 

+   2.0 

-  0.5 

L68 

13.37530 

Bordeaux 

43   12.76 

0.62 

+  0.08 

22  12     3.9 

+   8.0 

-    2.1 

172 

13.58884 

Washington  Naval 

43  33.43 

0.66 

-0.26 

35  19.4 

+   6.2 

-   4.8 

171 

13.85683 

Melbourne 

46  14.81 

-0.01 

23     4  28.9 

-15.1 

1+20.5, 
-  3.6 

M.T. 

14.36769 

Bordeaux 

19  22.50 

6.55 

+  0.66 

50  22.1 

+   7.1 

174 

14.37268 

Padua 

49  23.96 

0.69 

+  0.48 

56  48.2 

+    8.0 

-   6.7 

174 

14.37673 

Nice 

49  25.36 

O.60 

+  0.42 

57    L9.2 

+   7.5 

-   0.5 

17:; 

1  4.40152 

O'Gyalla 

49  32.43 

0.78 

-1.19 

•V.i  41.5 

+   O.S 

-   0.8 

177 

14.40527 

Jena  W. 

49  34.08 

o.7o 

-1.03 

50    10.1 

+  10.1 

-18.9 

177 

14.73206 

Tacubaya 

51  31.80 

1.01 

-0.10 

24  32  36.6 

+  2.9 

+  13.0 

176 

14.85815 

Melbourne 

52  17.42 

-0.09 

1 1  59.3 

-14.8 

+    9.9 

M.T. 

15.37347 

Padua 

55  16.06 

0.67 

-0.04 

25  32  35.0 

+   7.4 

+    1.9 

180.  181 

15.37675 

Kremsmiinster 

:,:,  18.16 

0.67 

+  0.84 

32  49.5 

+   8.2 

-    0.7 

175 

15.38191 

Strassburg 

55  19.49 

0.62 

+  0.40 

33  15.6 

+   8.1 

-  2.9 

175 

15.39512 

Besancon 

55  23.90 

0.66 

+  0.32 

34  28.2 

+   7.9 

-   2.6 

181 

15.39947 

Prag 

55  25.04 

0.70 

+  0.05 

34  44.5 

+  9.3 

-  S.6 

178 

15.40025 

Jena  W. 

55  26.36 

0.67 

-0.37 

:;.">    8.7 

+   9.2 

+  11.6 

181 

15.40211 

Hamburg 

55  26.44 

0.62 

+  0.44 

34  58.6 

+   9.7 

-  8.2 

181 

15.63896 

Tacubaya 

56  46.19 

0.67 

-0.35 

50  34.9 

-   0.6 

+   0.3 

179 

16.35235 

Padua 

10     0  44.16 

0.58 

+  0.20 

26  57  31.2 

+   6.3 

-13.3 

182,  184 

16.35431 

Besancon 

o    1  1.97 

0.50 

+  0.52 

57    15.7 

+   6.4 

-   7.0 

182 

16.35923 

Strassburg 

0  46.60 

0.53 

+  0.56 

58  16.1 

+   6.9 

-  0.6 

182 

16.36911 

K  rem  sin  (luster 

0  49.91 

0.62 

+  0.72 

59     3.1 

+   7.4 

-  2.3 

182 

16.37885 

Jena  W. 

o  52.16 

0.60 

-0.12 

50  45.0 

+   8.1 

-   8.1 

182,  184, 

185 

16.40658 

Krakau 

1     1.27 

0.59 

-0.05 

27     2     6.6 

+  10.0 

+  2.3 

184 

16.44650 

Li\  crpool 

1  13.87 

0.62 

-0.35 

5  19.1 

+    9.2 

-  8.0 

182,  184 

16.58047 

Cincinnati 

1   57.75 

0.45 

-0.02 

16  21.2 

+   3.9 

-  8.6 

186 

16.63794 

Tacubaya 

2  15.98 

0.6  1 

-0.09 

21   14.4 

-  0.9 

+   0.2 

183 

16.65233 

Northfield 

2  21.21 

0.61 

+0.43 

22  13.9 

+    6.1 

-   3.1 

183,  186 

17.34543 

Padua 

5  59.87 

0.53 

+  0.27 

28  16  26.1 

+   5.6 

-  4.0 

187 

17.36580 

Besancon 

6     5.97 

0.53 

+  0.09 

17  52.S 

+   6.1 

-   9.3 

187 

17.367  1 1 

Strassburg 

6     6.47 

0.51 

+  0.09 

18     8.3 

+   6.5 

-   0.7 

1S7 

17.37565 

Nice 

6     8.93 

0.61 

+  0.08 

18  46.2 

+   5.6 

-   1.0 

187 

17.38643 

Greenwich 

6  12.02 

0.50 

-0.24 

19  34.4 

+    7.1 

-    0.1 

187 

17.38910 

Algiers 

6  13.02 

0.6S 

+  0.07 

19  49.9 

+   4.1 

+  o.2 

187 

17.39205 

Hamburg 

6  14.27 

0.56 

+  0.26 

19  58.3 

+  8.2 

-   0.7 

187 

17.40139 

Cambridge 

6  17.21 

-0.19 

20  52.2 

+  2.8 

187 

17.40699 

Liverpool 

6  18.58 

0.52 

-0.06 

21     3.7 

+'6.1 

-  4.8 

187 

18.32947 

Nice 

10  57.6S 

0.56 

+  0.22 

29  27  42.4 

+   4.0 

-  5.2 

190 

18.37984 

Krakau 

11   12.11 

0.63 

-0.11 

31     6.2 

+   7.4 

-   6.5 

190 

18.39507 

Algiers 

11   17.72 

0.68 

+  0.92 

32  16.8 

+   3.8 

-   2.5 

190 

18.40764 

Jena  W. 

11   19.56 

0.64 

-0.73 

32  51.5 

+    7.7 

-15.8 

188,  190 

18.41515 

Cambridge 

11  23.64 

+  0.33 

33  42.4 

-  3.6 

190 

18.42339 

Greenwich 

11  23.97 

6.58 

-0.97 

33  54.0 

+  '7^4 

-20.5 

190 

18.42861 

Besancon 

11  26.48 

0.68 

-0.04 

34  28.8 

+   7.1 

-  5.4 

190 

18.43978 

Liverpool 

11   29.70 

0.57 

-0.19 

35  17.2 

+   7.9 

-  2.3 

190 

18.45642 

Leiden 

11  35.10 

0.67 

+  0.33 

35  19.4 

+   9.4 

-   6.8 

188 

18.63755 

Tacubava 

12  27.63 

0.98 

-0.64 

48  49.4 

-   1.5 

-  6.7 

189 

19.34567 

O'Gyalla 

15  48.78 

0.53 

(-1.62) 

30  35     5.1 

+   5.6 

+  8.3 

191 

19.35721 

Krakau 

15  54.01 

0.44 

-0.03 

35  33.8 

+  6.4 

-   5.9 

192 

19.37698 

Besancon 

15  59  64 

0.53 

+  0.14 

36    15.1 

+   5.4 

-10.4 

193,  194 

19.37764 

GiJttingen 

15  59.85 

0.52 

+0.19 

:;<;  52.6 

+   6.6 

-   3.6 

191 

19.38300 

Strassburg 

16      1.67 

0.55 

+  0.45 

37  15.0 

+   5.9 

-  2.5 

191 

19.39303 

Berlin 

16     4.19 

0.55 

+0.20 

37  53.0 

+   5.2 

-   2.8 

191 

19.40426 

Hamburg 

16     7.39 

0.56 

+  0.23 

38  31.9 

+    7.5 

+    2.9 

101. 101 

19.41388 

Algiers 

16     9.86 

0.72 

+  0.19 

39  11.4 

+   4.0 

-   4.5 

194 

L9.45452 

Jena  W. 

16  20.17 

0.67 

-0.81 

41   35.3 

+   8.5 

-   8.9 

194 

19.47029 

Kremsmiinster 

16  25.93 

0.72 

+  0.39 

42  44.5 

+   S.7 

+   1.6, 

10  1 

20.36452 

Vienna  ]!. 

lo  20  31.25 

0.56 

+0.25 

+  31   36  17.:; 

+   3.6 

-10.1 

lo:, 

L28 
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Date 

Place 

\,r   ,, 

7r 

Ja  cos  8 

App.    rt 

77 

J& 

* 

Mr,    20.39735 

Kvakau 

L0  20  38.74 

0>,2 

-0^83 

+  31    3S   22.2 

+   7.0 

+ 

4.7 

19C, 

20.63796 

\\  ashington  Naval 

21  44.94 

0.61 

+  O.SS 

50  50.2 

+  15.7 

+ 

8.5 

20;; 

21.30]  13 

Nicolajevt 

24  37.82 

0.49 

+  0.24 

32  28   !•'..'.» 

+   4.0 

_ 

4.8 

197 

21.3531] 

( >'<  iyalla 

24    18.42 

0.52 

(-2.00) 

31  20.8 

+   5.3 

+  11.7 

197 

21.36274 

Vienna 

24  54.26 

0.53 

+  0.86 

31  32.S 

+    5.2 

_ 

2.2 

208 

21.37960 

Erakau 

24  57.29 

O.C.I 

-0.49 

32  22.3 

+    7.2 

_ 

8.2 

201' 

21.38810 

(ireenwieli 

24  59.91 

0.45 

0.00 

32  49.0 

+   5.4 

— 

7.2 

197,  198,  202 

21.40439 

Bordeaux 

IT,     4.35 

0.42 

+  0.5S 

33  47.0 

+   3.9 

+ 

3.1 

107 

21.40027 

Hamburg 

25    3.26 

<».. -.2 

+  0.28 

33  3o,s 

+    6.6 

_ 

3.2 

197 

21.40775 

Algiers 

25     4.68 

0.67 

-0.01 

33  59.4 

+    3.2 

_ 

0.3 

197 

21.41151 

l.i\  erpool 

25     6.38 

0.46 

+  0.44 

34  11.8 

+   6.0 

_ 

1  .- 

197,  202 

21.42546 

[dge 

25  10.00 

+  0.09 

34  59.5 

+ 

0.4 

197,  202 

21.64189 

( lincinnati 

26     L39 

6.61 

-0.03 

46     3.0 

+  '3*4 

_ 

9.1 

198,  199 

21.66245 

Tacubaya 

26     9.36 

0.66 

-0.23 

47  18.2 

-  1.1 

— 

2.6 

199 

22.35882 

Padua 

29     3.90 

0.50 

+  0.11 

33  22   10.1 

+   4.0 

+ 

2.3 

20c,  1-07,  209 

22.43033 

Hamburg 

29  21.19 

0.55 

-  0.09 

25  25.6 

+   6.9 

_ 

7.5 

200 

22.62830 

Tacubaya 

30     9.79 

0.49 

+  0.07 

35  10.2 

-   2.1 

_ 

1.3 

205 

23.39208 

( l-reenwich 

33  12.55 

o.ll 

-0.17 

3  1   lo     4.3 

+   4.S 

_ 

9.1 

210,  212 

23.41011 

Hamburg 

33   17.31 

0.51 

+  0.32 

10  51.6 

+   0.1 

_ 

8.9 

211,  213 

23.43414 

<  lambridge 

33  22.:;; 

-0.30 

12  15.4 

+ 

5.5 

219,  221 

23.61934 

Tacuba  j  a 

34     6.18 

6.51 

+  0.15 

20  23.4 

-   2.0 

+ 

1.3 

210 

24.38634 

>  .  vr.  nwich 

37     2.27 

0.41 

-0.35 

52  42.7 

+   4.4 

_ 

1.5 

214,  21C, 

24.39712 

Hamburg 

37     5.49 

0.32 

+  0.22 

53  10.9 

+   5.5 

+ 

1.2 

214 

24.41706 

Gottingen 

37     9.54 

0.53 

-0.02 

53  55.9 

+   5.6 

_ 

2.5 

218 

24.42949 

Liverpool 

37   12.11 

0.59 

-0.15 

51  29.0 

+   5.4 

_ 

0.4 

21...  21C, 

24.43283 

Cambridge 

37  13.59 

-0.03 

54  41.5 

— 

1.4 

214 

24.48520 

Algiers 

37  25. SI 

0.75 

+  0.92 

54    18.7 

+   5.0 

+ 

2.7 

211 

24.49557 

Dunsink 

37  27.25 

0.57 

-0.14 

57     5.4 

+    7.3 

_ 

1.1 

210 

24.63556 

Northfield 

37  59.11 

0.43 

+  0.18 

35     2   49.2 

+   3.0 

_ 

4.0 

215,  216 

25.44383 

Kiew 

40  57.51 

0.5S 

+  0.12 

3  1    15.4 

+   7.5 

_. 

1.4 

217 

25.53195 

Dunsink 

41   15.30 

0.54 

-1.00 

37  40.1 

+    7.1 

+ 

3.7 

220 

26.34887 

O'Gyalla 

44    13.03 

0.47 

-0.82 

30     S  43.5 

+   4.1 

— 

0.4 

223   224 

26.64712 

<  lincinnati 

45   13.65 

0.56 

+  0.15 

17  33.4 

+   2.5 

— 

2.6 

222.  224 

27.41791 

( I  reenwich 

47  51.68 

0.45 

-0.16 

43  19.1 

+    1,1 

+ 

3.9 

22i;' 

27.50513 

Liverpool 

48     9.27 

0.52 

-0.15 

46     2.4 

+   6.3 

+ 

5.0 

22C. 

27.58260 

Albany 

48  24.69 

0.42 

-0.37 

48  31.2 

+   2.2 

+ 

1.2 

22C 

27.64687 

"Washington  Xaval 

4S  37.96 

0.59 

+  0.03 

50  30.7 

+    2.0 

— 

1.0 

22C, 

28.39124 

Padua 

51     5.7.'! 

0.51 

+  0.04 

37   13  21.3 

+   3.5 

— 

4.5 

225.  230 

28.39322 

Jena  \V. 

51     5.55 

040 

-0.42 

1.".  22.3 

+    4.3 

— 

6.2 

230,  235 

28.39495 

Krakau 

51     6.53 

0.51 

+  0.10 

13  39.4 

+    4.7 

+ 

8.1 

225 

28.41923 

Hamburg 

51  11.61 

0.47 

+  0.37 

11    10.6 

+    5.0 

_ 

3.8 

225 

28.42896 

Liverpool 

51   12.S0 

0.43 

0.27 

14  34.1 

+   4.7 

+ 

2.0 

22o 

28.59423 

<  lincinnati 

51   45.44 

0.38 

-0.01 

19  30.5 

+    1.2 

+ 

0.8 

225 

28.63234 

Tacuba;  a 

51  52.55 

0.45 

-0.2o 

20  30.8 

2  2 

— 

9.4 

225 

28.63263 

Washington  Xaval 

51  52.65 

0.58 

-0.02 

20  34.9 

+    2.4 

— 

2.8 

225 

29.3502] 

K  iew 

54     9.45 

0.47 

-0.94 

41   11.8 

+   4.2 

+ 

7.7 

220 

29.37924 

I.\  Oils   L.( '. 

51    16.69 

0.43 

+  0.40 

41  55.1 

+   2.7 

+ 

1.1 

232 

29.38392 

Boi  deaus 

54   17.80 

0.28 

+  0.50 

42     6.4 

+    1.7 

+ 

4.2 

229 

29.39417 

Lyons  ('•■ 

51   19.50 

0.46 

+  0.42 

42  20.3 

+   3.0 

+ 

1.8 

232 

29.40298 

Jena  W. 

54   19.29 

0.  16 

-1.05 

42  35.0 

+   4.3 

+ 

3.1 

236 

29.46630 

I  : .  erpool 

51  32.58 

0.47 

-0.03, 

44  19.3 

+    5.1 

+ 

3.3 

227,  236 

29  55587 

Greenwich 

54    18.68 

0.50 

-0.67 

4C.  44.5 

+    7.1 

+ 

2.9 

236 

29.60125 

Albany 

.-,1    57.SC. 

0,46 

-0.20 

48     1.2 

+    2.3, 

+ 

0.4 

227 

30.32375 

Nicolajew 

57   12.58 

0.45 

-0.03 

38     7     9.6 

+   3.2 

0.5 

2  10 

30.38789 

\|  1 1  eilles 

57  24.32 

0.48 

—0.06 

S  47.0 

+   2.4 

— 

2.4 

231 

30.40949 

Ji  na  W. 

57  27.5H 

0.47 

-0.69 

o  23.1 

+     1.3 

+ 

1.3 

228 

30.41  121 

Tra- 

57  28.15 

0.49 

0.85 

!i  .",(ih 

+   4.5 

+ 

1.4 

231 

30.42950 

Is  rakau 

57  31.50 

0.52 

-0.39 

9  47.0 

+    5.3 

— 

3.0 

211 

30.43398 

vich 

57  32.75 

0.46 

-0.27 

10     8.8 

+      1.3 

+ 

9.5 

23, 1.  233 

30  15612 

Lyons  (I. 

10  57  38.22 

0.55 

i  +  1.07i 

+  38  10  40.3 

+   4.3 

+  13.0 

237 
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Date 

Place 

App.  a 

IT 

Ja  cos  8 

App.  & 

n 

JS 

* 

May  30.45845 

Liverpool 

10  57  36.90 

o!39 

-oki 

+  38°  10  .".is 

+   3.9 

—   2.2 

231,  241 

30.46265 

Gottingen 

57  38.53 

0.51 

+  0.44 

10    10.7 

+   5.3 

+   7.7 

237 

30.68134 

Tacubaya 

58  18.92 

0.61 

+  0.79 

16  39.2 

-   1.0 

(-42.0) 

237 

31.37591 

Marseilles 

11     0  2: 1.40 

0.43 

+  0.16 

33  23.4 

+   2.1 

+  3.9 

244 

31.37896 

Kiew 

0  24.0:; 

0.49 

+0.22 

33  16.4 

+  4.5 

-  4.8 

244 

31.39835 

Greenwich 

0  27.25 

0.38 

-0.07 

33  52.1 

+  :;.4 

+   1.9 

211 

31.40310 

Bordeaux 

0  28.64 

0.44 

+  0.40 

33  50.9 

+    2.5 

-   6.9 

244 

31.40585 

Hamburg 

0  29.20 

0.42 

+  0.43 

34     1.0 

+   6.8 

+  3.6 

244 

31.43938 

Cambridge 

0  35.21 

+  0.13 

34  55.7 

+  3.3 

244. 245 

31.445<H 

Liverpool 

0  35.50 

0.43 

-0.08 

35     0.2 

+  4.3 

+   4.1 

244 

31.44986 

Besancon 

0  30.01 

0.52 

+  0.12 

34  58.0 

+   4.2 

-  4.9 

I'll 

31-47257 

Karlsruhe 

0  41.20 

(1.52 

+  0.72 

35  40.8 

+   5.1 

+   6.1 

238,  239, 

244 

31.58845 

Cincinnati 

1      1.18 

0.34 

0.00 

38  22.7 

+  0.9 

+   0.1 

244 

June    1.35255 

Nicolajew 

3  15.96 

0.47 

+  0.70 

r,r>  41.7 

+  3.5 

-   6.0 

243 

1.30004 

Kiew 

3  16.8S 

0.46 

+  0.45 

56  20.7 

+   4.0 

(  +  23.5) 

243 

1.37981 

Marseilles 

3  19.89 

0.43 

+  0.10 

56  26.7 

+   2.1 

+   1.1 

243 

1.38795 

Vienna 

3  22.07 

0.47 

+  0.76 

56  32.1 

4-  :;..-, 

-  2.5 

243 

1.4566^ 

Karlsruhe 

3  33.95 

0.51 

+  0.77 

58     6.8 

+   4.6 

+    1.8 

243 

2.33272 

Kiew 

6     3.65 

0.43 

+  0.73 

39  17     2.4 

+    3.3 

+  13.9 

245 

2.38255 

.Marseilles 

6  10.87 

0.43 

-0.21 

17  50.0 

+    2.1 

+   5.2 

242 

2.40192 

Greenwich 

6  14.62 

0.38 

+  0.01 

18  14.9 

+   3.2 

-   0.9 

245.  247 

2.40280 

Lyons  L.C. 

6  15.12 

0.45 

+  0.49 

18  16.6 

+   2.8 

+   0.5 

246 

2.41317 

Lyons  G. 

6  16.97 

0.47 

+  0.56 

18  20.0 

+  3.0 

-   1.7 

245 

2.43369 

Bordeaux 

6  20.50 

0.40 

+  0.04 

18  50.5 

+  3.0 

-  3.5 

242 

2.59695 

Washington  Naval 

6  47.41 

0.42 

+  0.17 

22  42.7 

-   1.2 

(  +  31.9) 

247 

2.64138 

Cincinnati 

6  54.07 

0.48 

+  0.07 

23  14.5 

+   1.7 

+   5.3 

247 

3.41582 

Karlsruhe 

9     3.19 

0.45 

+  0.08 

38  20.7 

+   3.5 

-  0.5 

247 

4.37806 

Kiew 

11  38.40 

0.45 

-0.46 

56     7.0 

+  4.0 

-  0.2 

240 

4.38190 

Marseilles 

11   30.47 

0.42 

-0.14 

56  24.2 

+   1.9 

+  10.7 

240 

4.69260 

Tacubaya 

12  28.18 

0.59 

-0.68 

40     1  49.3 

-   5.8 

-  0.8 

249 

4.70835 

Northfield 

12  32.20 

0.51 

+  0.45 

1  59.8 

+  2.9 

+   1.8 

249 

5.38937 

Marseilles 

14  17.63 

0.43 

-0.95 

13  32.6 

+   2.0 

-   1.1 

252 

5.39030 

Lyons  G. 

14  10.25 

0.41 

+0.05 

13  33.5 

+   2.3 

-   1.0 

251 

5.39863 

Lyons  L.C. 

14  21.15 

0.42 

+  0.50 

13  47.0 

+   2.4 

+   4.1 

250 

5.47(K»7 

Besancon 

14  31.66 

0.49 

+  0.07 

14  46.3 

+  4.2 

-  5.5 

252 

5.72200 

Northfield 

15   11.1.". 

0.50 

+  0.18 

18  58.4 

+   3.4 

-   2.4 

251' 

6.37926 

Marseilles 

16  51'. 50 

0.40 

+  0.22 

29  29.0 

+   1.8 

+    2.8 

252 

6.40119 

Kiew 

16  55.09 

0.45 

+  o.os 

29  45.0 

+  4.3 

+   0.9 

25  1 

6.40465 

Nicolajew 

10  56.09 

0.48 

+0.02 

29  48.1 

+   4.3 

+  0.8 

252 

6.42978 

Liverpool 

16  59.26 

0.41 

-0.56 

30  12.7 

+   4.1 

+   1.3 

252 

6.47720 

Besancon 

17     7.10 

0.48 

-0.04 

30  57.0 

+  4.:: 

+   3.1 

251.' 

7.50309 

Greenwich 

19  41.52 

0.43 

-0.29 

46     9.5 

+   4.7 

+   3.0 

25:, 

7.64208 

Cincinnati 

20     2.24 

0.44 

-0.25 

48     5.3 

+   1.5 

-   4.2 

255 

7.65797 

Ann  Arbor 

20     4.73 

0.45 

-0.14 

48  18.5 

+  2.2 

—  2.8 

256 

7.71947 

Northfield 

20  14.06 

0.48 

+  0.03 

49   10.5 

+  3.2 

-   1.7 

250 

8.32487 

Nicolajew 

21  43.62 

0.40 

+  0.08 

57  31.1 

+   2.5 

-  2.3 

253,  257 

8.41784 

Bordeaux 

21   56.71 

0.42 

-0.21 

58  51.7 

+   2.3 

+   2.8 

256 

8.6321  1 

Tacubaya 

22  28.04 

0.39 

-0.19 

41     1  45.7 

-    7.8 

-   4..'! 

257 

10.36837 

Kiew 

26  36.93 

0.40 

-0.03 

23  10.1 

+   3.5 

2  7 

258 

ln.75076 

Cincinnati 

27  31.46 

0.50 

+  0.04 

27  41.8 

+  4.0 

+   1.4 

258 

11.49568 

Cambridge 

29   14.70 

+  0.18 

35  57.9 

+   2.7 

261 

12.38753 

Marseilles 

31  16.92 

0.38 

+0.43 

45   13.1 

+   1.7 

+  0.6 

261 

12.39174 

Lyons  G. 

31  16.95 

0.37 

+  0.02 

45     8.1 

+    1.9 

-   6.8 

250 

12.46065 

Bordeaux 

31  20. ill 

0.45 

+  0.57 

45  57.4 

+   2.9 

+   1.8 

261 

12.67849 

Tacubaya 

31  55.59 

0.50 

-0.06 

48     8.1 

-   7.1 

-   8.5 

201 

13.42506 

Bordeaux 

33  36.17 

0.40 

+  0.03 

55     8.0 

+   1.2 

-14.3 

260 

14.48927 

Besancon 

36  56.54 

0.42 

-0.39 

42     4  5:i..-> 

+  3.9 

-   1.4 

262 

15.04H2S 

Washington  Naval 

;:s  iv.. s 5 

0.43 

-0.16 

14  50.9 

+   1.7 

+  17.0 

263 

19.38985 

Lyons  G. 

'     46  10.03 

0.34 

-0.07 

40  50.7 

+   1.8 

+   6.8 

204 

19.39713 

Bordeaux 

11  46  20.41 

0.34 

-0.15 

+42  40  56.8 

+    1.0 

+  10.1 

264 

L30 
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Hair 

Place 

App.  a 

r 

Ja  cos  8 

A]ip.  8 

7T 

Jo 

* 

Juni 

L9.40542 

l.\  cms  !..< '. 

LI  46  21.69 

o>,o 

t  ink; 

1  12    lo'50.9 

+  2*0 

+   L6 

265 

L9  6697  I 

Northfield 

li;  54.48 

0.36 

+0.27 

42  22.9 

+  1.8 

+   1.0 

270 

20.37771 

l.\ cms  L.C. 

is  21.86 

0.33 

+  0.00 

46  33.6 

+  1.7 

+    5.7 

207 

20.379]  1 

Marseilles 

18  21.87 

0.34 

+  0.79 

46  27.3 

+1.4 

-   1.3 

266 

20.39737 

Toulouse 

is  22.90 

0.35 

0.00 

46  35.7 

+  1.0 

+    1.1 

200 

20.39758 

Bordeaux 

48  23.3] 

0.34 

+0.21 

10  30.5 

+  1.6 

+    1.8 

200 

20.40225 

Lyons  G. 

is  24.05 

0.36 

+  0.64 

h;  39.2 

+  2.0 

+   3.4 

207 

20.43226 

l.i\  ei  ; 

is  24.33 

(1.31 

(-2.17) 

40  50.8 

+  2.7 

+   5.7 

207 

21.35513 

ijew 

50  19.15 

0.36 

+  0.18 

51   40.9 

+  2.5 

-   O.S 

268 

21.38217 

1.;.  ons  G. 

50  22.52 

0.33 

+  0.23 

51  51.4 

+  1.6 

+   0.4 

268 

21.38578 

Lyons  L.C. 

50  22.91 

0.33 

+  0.20 

51  55.1 

+  1.7 

+   3.0 

•JOS 

21.38959 

Toulouse 

50  23.54 

0.33 

+  0.33 

51   52.2 

+  1.4 

-    1.3 

271 

21.40354 

Besancon 

50  24.64 

0.34 

-0.10 

51  50.3 

+  2.1 

-    O.S 

268 

21.41752 

Strassburg 

50  26.67 

0.32 

CO.  15 

52     0.8 

+  2.5 

-    0.2 

274 

21.42073 

Bi  irdeaux 

50  26.89 

0.36 

+  0.06 

51  58.6 

+  1.9 

-   3.9 

27  1 

21.44455 

Li\  erpool 

50  29.20 

0.33 

-0.37 

52     9.6 

+  2.9 

+   0.7 

271 

2 1.1  1925 

( Ireenwich 

50  32.74 

0.33 

(  +  1.81) 

52  37.1 

+  2.9 

(  +  26.8) 

268 

21.64515 

Albany 

50  53.35 

0.38 

-0.32 

53  15.0 

+  2.2 

+    4.4 

,274 
271 

22.38419 

l.\  ons  G. 

52  22.30 

0.33 

+  0.06 

56  33.1 

+  1.0 

-14.8 

22.38742 

Bi  irdeaux 

52  28.09 

0.32 

(  +  4.01) 

56  53.8 

+  1.4 

+   4.8 

272 

22.38745 

Marseilles 

52  22.98 

0.34 

+0.29 

56  50.8 

+  1.5 

+    1.9 

270 

22.39253 

Toulouse 

52  23.27 

0.34 

+  0.05 

56  45.3 

+  1.5 

-   5.0 

271 

22.39645 

Lynns  L.C. 

52  24.27 

0.34 

+  0.44 

56  50.0 

+  1.8 

-   1.1 

271 

22.40370 

Vienna 

52  25.17 

0.35 

+  0.47 

56  57.5 

+  2.7 

+   5.2 

275 

22.41119 

KLremsmilnster 

52  25.59 

0.36 

-0.14 

56  59.1 

+  2.7 

+   4.7 

274 

22.4]  176 

Besancon 

52  26.35 

0.35 

+  0.31 

56  50.1 

+  2.3 

-   5.7 

271 

22.46928 

Greenwich 

52  31.51 

0.34 

-0.61 

57  13.0 

+  3.2 

+   2.7 

268,  270 

22. 16953 

Liverpool 

52  31.98 

0.32 

-0.31 

57     8.4 

+  3.1 

-    2.1 

272 

22.6061] 

Cincinnati 

52  48.02 

0.32 

-0.46 

57  48.1 

+  0.7 

-   3  1 

272 

22.62650 

\\  ashington  Naval 

52  50.54 

0.38 

-0.35 

58  10.5 

+  1.4 

+  14.3 

272 

22.67567 

Xi  rth Held 

52  56.96 

0.35 

+  0.49 

58     8.5 

+  1.9 

-   0.9 

272 

23.38447 

Lyons  G. 

54   20.85 

0.32 

+  0.01 

43     1  16.1 

+  1.0 

-   4.3 

272 

23.44747 

Kri'iiisniunster 

54  28.46 

0.36 

+0.16 

1  33.3 

+  3.3 

-   1.8 

271 

23.45073 

Bordeaux 

54  29.14 

0.37 

+  0.39 

1  40.4 

+  2.5 

+   3.7 

271 

23.61704 

Cincinnati 

54  47.90 

0.33 

-0.25 

2  17.2 

+  0.9 

-   3.9 

272 

23.61866 

Wash.  Catholic 

54  48.68 

0.37 

+  0.21 

2  25.1 

+  1.2 

+  3.9 

274 

23.63990 

Washington  Naval 

54  49.95 

0.39 

-0.68 

2  27.0 

+  1.6 

+    1.4 

272 

21.17275 

<  i-reenwich 

56  27.96 

0.33 

-0.50 

5  22.0 

+  3.1 

(-27.7) 

275,  273 

25.41567 

Bordeaux 

58   19.08 

0.34 

+  0.50 

9  31.6 

+  1.8 

+    0.7 

277 

25.4160] 

Besanqon 

58  17.91 

0.34 

-0.39 

9  21.3 

+  2.2 

-  3.3 

277 

25.45766 

Liverpool 

58  22.63 

0.31 

-0.48 

9  31.8 

+  3.0 

-   o.O 

27.'!.  277 

25.62025 

( lincinnati 

58  41.17 

0.34 

-0.40 

10     6.4 

+  0.9 

-   3.2 

277 

26.39083 

Bordeaux 

12     0  11.79 

0.31 

+0.52 

12  57.S 

+  1.4 

+  10.4 

277 

26.39684 

Lyons  L.C. 

(i   12.53 

0.33 

+  0.58 

12  40.5 

+  1.8 

-   1.6 

276 

26.43385 

Besanqon 

it  16.44 

0.34 

+0.33 

12  50.5 

+  2.5 

+    1.7 

277 

27.38787 

L\  ons  <  '•■ 

2     5.53 

0.32 

+  0.15 

15  51.1 

+  1.7 

-   3.9 

277 

27.39776 

Lyons  L.C. 

2     7.08 

0.32 

+0.46 

16     5.3 

+  1.S 

+   8.7 

277 

27.41407 

Strassburg 

2     9.05 

0.32 

+  0.53 

15  59.2 

+  2.4 

+   0.3 

277 

27.45016 

Besancon 

2  12.78 

0.34 

+  0.26 

16     2.6 

+  2.S 

-  2.0 

277 

27.45450 

Liverpool 

2  13.42 

0.30 

+  0.33 

16     3.6 

+  2.8 

—  2.2 

277 

27.61934 

1  lincinnati 

2  31.56 

0.33 

-0.13 

16  40.4 

+  0.9 

+  3.6 

277 

28.39286 

Bordeaux 

l     0.38 

0.3] 

+  0.50 

18  42.0 

+  1.5 

-   4.0 

277 

28  39520 

Lyons  L.C. 

I     0.61 

0.32 

+  0.48 

18  53.1 

+  1.8 

+    7.0 

279 

28.39914 

Si  rassburg 

1     1.32 

0.31 

+  0.00 

is    15.7 

+  2.1 

-   0.7 

277 

28.40133 

Lyons  G. 

4     0.66 

0.31 

+  0.03 

is    L8.5 

+ 1 .0 

+   1.5 

280 

28.42680 

Bi    ancon 

l      1.04 

0.33 

CO. 37 

18  46.5 

+  2.4 

-   4.1 

277 

28  15497 

Liverpool 

1     7.13 

0.20 

+  0.27 

is  55.6 

+  2.7 

+   0.7 

277 

28.46219 

1 ;  reenwich 

4     4.19 

0.31 

(-2.45) 

18   30.1 

+  2.8 

(-19.9) 

277.  278 

28.59232 

Wash.  Catholic 

1   22.64 

0.32 

+  0.20 

19  l  li 

+  0.8 

-   4.1 

277 

28.60276 

Cincinnati 

12     1  23.30 

0.30 

-o.l  1 

+43  19  21.0 

+  0.7 

+  0.7 

278 
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Date 

Place 

App.  a 

77 

Ja  COS  8 

App.  8 

n 

•J8 

* 

June  28.65399 

Washington  Naval 

12U  4m28.25 

o!38 

-0J1 

+  43°  19' 39^8 

■+  1 .9 

+  VJ.7 

277 

29.39251 

Lyons  G. 

5  52.05 

0.32 

-0.47 

21    15.1 

+  1.7 

-  3.3 

281 

29.39631 

Lyons  L.C. 

5  53.83 

0.32 

+  0.52 

21   18.1 

+  1.8 

-   0.7 

281 

29.41460 

Besancon 

5  55.38 

0.32 

+  0.15 

21  12.1 

+  2.2 

-  8.9 

281 

29.43822 

Greenwich 

5  58.22 

0.30 

+  0.27 

21    L3.5 

+  2.5 

-10.5 

281 

29.46121 

Liverpool 

6     0.95 

0.29 

+  0.36 

21  20.2 

+  2.8 

-   6.8 

277,  281 

29.60693 

Wash.  Catholic 

6   15.57 

0.33 

(-0.90) 

21  43.1 

+  1.0 

-   6.2 

277 

30.38636 

Vienna 

7  45.06 

0.32 

-1-0.33 

23  37.2 

+  2.3 

+   2.1 

282 

30.39534 

Lyons  L.C. 

7  45.88 

0.31 

+  0.41 

23  35.8 

+  1.8 

+    1.4 

281 

30.3997i; 

Lyons  G. 

7  45.18 

0.32 

-0.45 

23  49.  S 

+  1.8 

+  14.S 

281 

30.40310 

Toulouse 

7  46.09 

0.32 

-0.06 

23  37.1 

+  1.6 

+    1.5 

281 

30.41925 

Besancon 

7  48.26 

0.32 

+  0.21 

2:;  39.5 

+  2.3 

+   2.5 

281 

30.45294 

Liverpool 

7  51.43 

0.20 

-0.25 

23  50.4 

+  2.7 

+   9.6 

2S1,  283 

30.46289 

Greenwich 

7  52.33 

0.30 

+  0.41 

23  36.8 

+  2.9 

-   5.0 

281 

30.58765 

Albany 

S     6.5:; 

0.30 

-0.22 

24     2.4 

+  1.2 

+   3.0 

283 

30.60857 

Cincinnati 

S     8.56 

0.31 

-0.46 

24     2.4 

+0.8 

+   9.9 

281 

30.64898 

Wash.  Catholic 

8  12.60 

0.37 

-0.73 

24     3.0 

+  1.8 

—  3.3 

277,  281 

July     1.60357 
2.39140 

Wash.  Catholic 

10     0.84 

0.33 

+  0.53 

26     1.1 

+  1.0 

+   2.5 

2S1 

Lyons  L.C. 

11  28.13 

0.31 

+  0.43 

27  23  2 

+  1.7 

+   3.4 

283 

2.40144 

Lyons  G. 

11  29.62 

0.31 

+  0.70 

27  24.9 

+  1.9 

+  4.3 

283 

2.40770 

Marseilles 

11  29.64 

0.33 

+  0.22 

27  28.5 

+  1.S 

+    7.2 

283 

2.41319 

Besancon 

11   30.01 

0.31 

+  0.04 

27  22.9 

+2  2 

+    1.6 

283 

2.44648 

Greenwich 

11  32.00 

0.29 

(-1.22) 

27     G.6 

+  2.6 

(-17.5) 

283 

2.60442 

Cincinnati 

11  51.44 

0.30 

+  0.22 

27  43.0 

+  0.8 

+   1.8 

283 

3.37740 

Marseilles' 

13  16.96 

0.30 

+  0.37 

28  54.5 

+  1.4 

+  4.2 

283 

3.39780 

Bordeaux 

13  19.08 

0.30 

+  0.27 

28  52.4 

+  1.6 

+   0.6 

283 

3.46595 

Greenwich 

13  24.98 

0.29 

-0.83 

28  55.3 

+  2.9 

-  0.9 

283 

4.35206 

Nicolajew 

15     2.20 

0.31 

-0.99 

29  59.1 

+  2.3 

-  6.2 

287 

4.38513 

Algiers 

15     6.79 

0.33 

-0.28 

30     9.6 

+  1.0 

+   0.4 

284 

4.39633 

Toulouse 

15     8.81 

0.31 

+  0.28 

30  13.2 

+  1.5 

+  3.6 

284 

4.39915 

Lyons  G. 

15     8.03 

0.31 

-0.50 

30     8.0 

+  1.8 

-    1.5 

285 

4.40220 

Lyons  L.C. 

15     9.56 

0.31 

+0.37 

30     7.4 

+  1.9 

—  2.2 

285 

4.42317 

Bordeaux 

15  11.85 

0.32 

+  0.37 

30  10.3 

+  1.9 

-   0.7 

287 

4.46212 

Besancon 

15  16.22 

0.31 

+  0.43 

30  18.8 

+  2.9 

+   6.0 

283 

4.63468 

Albany 

15  34.21 

0.33 

-0.25 

30  28.9 

+  1.9 

+   3.1 

287 

5.38096 

Algiers 

16  56.15 

0.34 

+  0.02 

31  26.8 

+  0.9 

+  12.5 

28  7 

5.39771 

Lyons  G. 

16  58.89 

0.30 

+  0.65 

31     5.7 

+  1.S 

-   8.6 

286 

5.40184 

Marseilles 

16  58.39 

0.32 

-0.01 

31     5.9 

+  1.7 

-   8.8 

2S7 

5.41233 

Bordeaux 

17     0.29 

0.31 

+  0.52 

31  20.8 

+  1.8 

+   i>.(\ 

288 

5.41353 

Lyons  L.C. 

17     0.21 

0.31 

+  0.39 

31  14.4 

+  2.0 

-   0.7 

2S6 

5.4 15  IS 

Toulouse 

17     0.10 

0.32 

+  0.15 

31  13.3 

+  1.8 

-    2.1 

287 

5.41690 

Besancon 

16  58.79 

0.30 

-0.93 

31  13.4 

+  2.2 

-    1.7 

289 

5.44092 

Hamburg 

.    17     3.30 

0.27 

+  0.42 

31     2.0 

+  3.0 

-13.7 

287 

5.60547 

Albany 

17  20.54 

0.31 

-0.06 

31   28.6 

+  1.5 

+    1.9 

287 

6.37363 

Algiers 

18  44.27 

0.32 

+  0.02 

.",2  23.1 

+  0.8 

+  15.6 

287 

6.39875 

Marseilles 

18  47.51 

0.31 

+  0.38 

32  12.1 

+  1.5 

+   4.2 

2S9 

6.64119 

Cincinnati 

19  13.06 

0.33 

-0.17 

32  14.2 

+  1.1 

-   5.4 

287 

7.37247 

Nice 

20  32.70 

0.30 

+  0.06 

32  47.2 

+  1.4 

-    1.6 

2S7 

7.39350 

Lyons  L.C. 

20  35.45 

0.30 

+  0.40 

32  45.2 

+  1.7 

-   4.0 

290 

7.44013 

Greenwich 

20  39.33 

0.2S 

0.00 

.",2   13.6 

+  2.5 

-    6.5 

289 

7.48667 

Bordeaux 

20  45.91 

0.31 

+  0.70 

32  41.9 

+  2.9 

-  9.5 

291 

7.64945 

Washington  Naval 

21     0.89 

0.34 

(-1.21) 

32  41.6 

+  1.8 

-16.5 

2S9 

8.43638 

Hamburg 

22  29  72 

0.26 

(  +  1.46) 

33  lo. 0 

+  2.9 

-10.0 

291 

9.36355 

Nice 

24     7.75 

0.28 

+  0.24 

33  39.0 

+  1.3 

-   1.7 

291 

9.41S87 

Marseilles 

27  13.18 

0.29 

-0.12 

33  48.8 

+  1.4 

+    7.1 

291 

11.46187 

Greenwich 

27  51.96 

o.L'7 

-0.14 

33  51.5 

+  2.7 

+   0.2 

292 

12.36744 

Nice 

29   29.27 

0.28 

+  0.30 

33  45.6 

+  1.4 

0.0 

291 

19.35926 

Nice 

41  48.92 

0.26 

+  0.75 

29  22.9 

+  1.3 

+  3.0 

293 

21.35266 

Nice 

12  45  17.46 

0.26 

+  0.32 

+  43  27     6.2 

+  1.3 

+  2.;: 

295 
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Date 

Place 

A.pp.  a 

n 

Jacos  8 

A). p.  rt 

77 

J8 

* 

Julv  21.38789 

Lyons  l..< !. 

ll       in        8 

L2    15  21.21 

0.26 

(-0.37 

r   13   27      7.1 

+  1.7 

+   6.5 

294 

21.39137 

illes 

15  20.36 

0.27 

-0.51 

27     6.2 

+ 1 ..-, 

+   5.3 

295 

22.35525 

\  ice 

4  7     2.61 

0.26 

+  0.47 

25   18.4 

+  1.3 

+    1.0 

295 

22.59962 

( iincinnati 

47  26.31 

0.27 

-0.87 

25  16.1 

+  1.0 

-12.3 

207 

23.36924 

Vienna 

is   18.61 

0.25 

+0.44 

24  2  1.:; 

+  2.0 

0.0 

200.  297 

25.35550 

52   16.23 

0.24 

+  0.53 

21   34.7 

+  1.8 

+  6.2 

298 

27.38727 

Lyons  L.C. 

55  47.91 

0.25 

+  0.29 

IS  10.1 

+  1.7 

-   0.3 

29S 

27.40216 

Bor dean 

55    19.98 

0.26 

+  O.07 

IS   22.2 

+  1.7 

+  13.2 

20S 

27.61739 

i  Iincinnati 

56  LO  79 

0.27 

-0.51 

17    H.9 

+  1.2 

-    5.5 

29S 

28.35683 

Vienna 

57  29.10 

0.24 

+0.32 

16  34.8 

+1.8 

+   5.0 

298 

28.37237 

l.\  ons  L.C. 

57  30.64 

0.24 

+0.26 

16  36.7 

+  1.6 

+   8.3 

300 

31.36827 

Vienna 

13     2   13.49 

0.23 

+  0.55 

10  7.7.3 

+  2.0 

+   0.7 

301 

31.41  U5 

Bordeaux 

2  49.00 

0.25 

+  1.10 

11     3.7 

+  1.9 

+  12.3 

302 

A.ug.  21.324  16 

Ni<'.' 

13  39  20.32 

0.13 

+  1.24 

+  12  24  27.9 

+  0.9 

—  5.3 

303 

In  general,  the  observations  have  each  been  given  the 
weight  unit}'.  If.  however,  the  residual  differed  too  widely 
from  the  general  mean  of  those  in  its  immediate  vicinity. 
this  weight  has  been  reduced.  The  (  |  indicates  that  the 
obsi  rvation  has  been  excluded  from  all  subsequent  compu- 
l'he  observations  made  within  a  few  hours  of  each 
other  were  combined  into  means,  and  these  means  with 
their  proper  weights  were  combined  to  form  the  following 
normal  places  by  making  use  of  an  equation  of  the  form 
Id  =  A  +  lit  +  Ct- 


Date 

April  10.5 
2.-..5 

May     3.5 

0.5 

15.5 

24.5 

June  7.5 
■J  I  5 

.Inly      0.5 


a  1894.0 

3"23'"46!786 

6  32  5;.  868 

8  18  51.345 

o  15  38.630 

o  .v.  58.849 

10  37  27.305 

11  19  40.408 

11  50  30.371 

12  is  56  121 


8  1894.0 

-55°    i  11 

37  8     9 

-   6  38  38 

+13  35  31. 

25  44     5 

34  57  28 

40  46  13 

13  0     7 

+  43  32  22 


July  24.5 
Ansr.  21.32446 


a  1894.0 
12,l5o"lH.":;5S 
13  39  18.30 


8  1894.0 
+  43°  23     2.74 
+  42  24  44.3 


Before  forming  the  normal  equations  it  was  thought 
best  to  compute  the.  perturbations  caused  by  Jvpiter, 
Saturn  and  the  Earth.  The  method  chosen  was  that  of 
rectangular  coordinates,  the  osculation  being  at  perihelion 
and  the  interval  every  twelve  days,  with  the  following 
results : 


8a  cos  8 


88 


8a. 


88 


pril  10.5 

0 

0 

June     7.5 

+1.40 

+  0.55 

25.5 

+  0.07 

+  0.03 

24.5 

1.69 

0.33 

ay      3,. 5 

0.33 

0.18 

July      0.5 

1.S5 

+  0.15 

0.5 

0.60 

0.39 

24.5 

2  io 

-0.22 

15.5 

0.86 

0.03 

Aug.  21.3 

+  2.42 

-0.91 

24.5 

+  1.12 

+  O.07 

After  correcting  the  normal  places  on  account  of  the  per- 
turbations, the  following  equations  of  condition  were  formed, 
using  Schonfeld's  notation,  and  expressing  the  coefficients 
by  means  of  their  logarithms. 


+8.89985  dK  -9.02075 


..k,)T 


2) 
3) 

1 

5) 

6) 

- 

9) 
LO 

n 

L2) 

13) 

11 
L5) 

].; 

n 

L8) 
L9) 
20) 
21) 
22 


9.96539 
0.04520 
9.92748 
0.70 120 
9.51628 
9.19045 
8.92451 
8  $6859 
8.96418 

1-9.22940 
9.69468 

+9.94566 
0.39160 
0  38189 
0.29344 
0.17528 
0.06499 
9.99634 
9.96772 
0.03021 

-0  01  Ml.-, 


0.39373 
0.50910 
0.41833 
0.28195 
0.08877 
9.85290 
9.64801 
9.54068 
9.42019 
9.29844 
+  9.96227 
-0.13706 
0.61030 
0.56399 
0  12645 
0.23339 
0.02264 
9.85694 
0.77170 
9.67121 
9.55236 


./■ 


+  6.93884— '—  d 

l  +  « 
-9.30527 

9.72826 

9.76855 

9.74488 

0.00000 
0.02555 
9.57340 
9.54091 
9.48264 
9.32198 
8.17181 
8.86012 
9.61507 
9.63652 
9.51681 
9.26546 
8 69558 
•  8.66721 
8.92037 
9.17362 
L520 


+  9.892909$  +0.088903A—  8.94891  dv—  9.91381  =  0 


0. 
0. 

o. 
9. 
9. 
9. 

+8. 

-8. 
8. 
9 
0, 
0, 
0. 
0, 
0. 
0, 
0. 

M 


2  oss  7 
20934 
01507 
7000  1 
47830 
03978 
13032 
18716 

0  10  10 

.25089 
08396 
17838 

3771  1 
10319 
35178 
25787 
14530 
O5I01 
OOS7I 
05  ITS 
89054 


+  9.92343 

-9.3s:;:;7 

9.81498 

9.84713 

0.70007 

9.59086 

9.33751 

9.10689 

-8.3601  I 

+  8.90120 

9.86868 

0.33516 

0.13,101 

9.60270 

+  8.48860 

-S.S317I 

8.58979 

-7.65865 

+  7.71439 

+7.48438 

8  13484 


+  9.40881 

-9.10105 

9.05902 

9.79700 

9.85996 

9.88062 

9.88426 

9.88484 

9.8854  1 

9.88368 

-8.72869 

4-9.82054 

9.84959 

9.4  107  1 

+  8.43913 

-8.92200 

8.87955 

—8.20540 

+  8.49234 

9.00968 

+9.32679 


-0.03  I  IS 

-0.50515 

-0.33646 
—  9.32222 
+0.02531 
-0.38739 
+9.56820 
+  0.00000 

+  0.17310 
-1.05231 
.  0.62737 

-0.28780 
+  0.3324  I 
+  0.56937 
+  0.52763 
+0.40993 

l  0.32838 
+  0.04139 
+  0.40824 
-0.24551 
+  O.OI2  10 


Weight 

24.5 

41.0 

0O.5 
00.0 

62.5 

51.0 
64.0 
74.0 
36.0 
15.0 
1.0 
24.5 

40.0 
01.0 

63.0 

02.0 

53.5 

01.0 
73.5 

38.0 

15.0 
1.0 
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Multiplying  each  equation  by  the  square  root  of  its  weight,  and  making 

x  =  1.30286  dq 
y  =   1.13669  d\ 


u   =   1.28427  9k 
v   =   1.50297  *£ 

'/ 


w  =  0.67832— l—D- 
1  +  e 


z   =  0.8l8883v 
there  results  the  following  homogeneous  equations,  the  logarithm   of  the  unit  being  1.4691 


+  8.3101  u 

-  8.2123  i 

+  6.9550  w 

+  9.2845  a 

+9.6467  y 

-8.8245s 

-9.1 392 

9.487o 

9.6971 

-9.4933 

9.7724 

+.9.5931 

+9.3963 

-9.9718 

9.6723 

9.9175 

9.9613 

9.8179 

-9.1581 

-9.1936 

-9.9474 

9.5530 

9.8253 

0.0000 

9.6229 

9.5SS1 

9.7499 

-9.7772 

9.3749 

9.6769 

9.9645 

9.3860 

9.6084 

9.S707 

-8.7510 

9.0858 

9.4396 

9.8656 

9.0292 

9.1  SOS 

9.8949 

+  9.4100 

8.8093 

9.2530 

9.8503 

8.6400 

9.3573 

9.9648 

-9.8214 

8.5749 

9.0797 

9.8297 

+  7.7681 

9.1354 

0.0000 

+  9.0337 

8.3625 

8.  si. 59 

9.6407 

-7.9624 

8.7483 

9.8441 

+  8.3090 

8.2679 

8.5053 

9.3924 

8.2346 

-7.8115 

9.6546 

+  9.292] 

+  7.9451 

—  7.7955 

8.6437 

7.9480 

+7.8546 

9.0648 

-9.5832 

-9.1049 

+  9.1538 

8.1880 

9.4756 

9.4265 

8.6043 

-9.8528 

\  9.4629 

-9.4356 

8.9833 

9.6770 

0.0000 

+  9.8032 

-9.6202 

0.0000 

0.0000 

9.8294 

9.9669 

9.8879 

9.9234 

+  9.7560 

9.9973 

9.96(17 

9.S579 

0.0000 

9.3657 

9.5275 

+  0.0000 

9.9054 

9.8197 

9.7347 

9.9151 

+  8.2481 

+  8.5164 

+  9.9547 

9.7552 

9.5946 

9.451;; 

9.8192 

-8.5592 

-8.9673 

+  9.8050 

9.6734 

9.4123 

-8.9099 

9. 7  .",51 

8.3 158 

8.9533 

+9.7520 

9.6452 

9.2871 

+  S.9220 

9.6852 

-7.4551 

-S.3197 

+  9.5054 

9.17;;;; 

9.0587 

9.0319 

9.4958 

+7.3676 

+  8.4633 

+  9.7290 

9.2430 

8.7563 

9.0833 

9.240(1 

-'  6.9357 

8.7788 

-9.3644 

+  8.6259 

8.0494 

+  8.6369 

-8.5877 

-    7.298J 

+  8.5079 

+  9.1734 

=   0 


Proceeding  according  to  the  method  of  least-squares,  the  normal  equations  are, 

+0.6147  u  -0.5974/'  -0.5104  w  -0.4745.,-  +0.0047//  +9.8511.-.-  +0.3446 


-0.5956 

+0.6407 

+  0.6311 

+  0.2490 

9.8430 

+  8.0682 

-9.9619 

-0.5106 

+  0.6311 

+0.7734 

+  9.6764 

+  9.6895 

+  0.4479 

+9.3304 

-0.4796 

+0.2  190 

+9.6764 

+  0.7088 

-0.1941 

-0.2638 

-0.6394 

+  0.0180 

-9.8430 

+  9.6895 

-0.1941 

+  0.4111 

+  0.4148 

+  8.7076 

+  9.8483 

!  S.0682 

+  0.4479 

-0.2638 

+  0.4148 

+0.7317 

+  0.0149 

The  weight   of  z,  derived    from    these    equations,  is    so    slight   as   to   make    that   quantity  quite   indeterminate. 
Treating  the  other  variables  as  functions  of  this  one  there  results  the  elimination  equations, 

u  -9.9827  c  -9.8956  w  -9.8598a:  +9.3901  y  =  -9.7299  -9.2365? 

v  +0.3108  tr  -0.2824a:  +  9.0839//  =  -0.3268  -0.0858s 

w  +9.5565 x  +9.8561  y  =  +9.7135  -0.2863s 

x  -9.8858//  =  +9.5413  +9.9742  v 

y  =  +9.8587  -9.1150s 


passing  from  logarithms 


u   =  -0.35S  +3.4354z 

v  =  -0.048  +4.8407  * 

w  =  -0.329  -2.1430* 

x  =  +0.913  +0.8420* 

y  =  +0.722  -0.1303* 


dK  =  -0.548  + 1.176  dv 

k3T 

K-^±  =  -0.044  +1.002  dv 

.4-/;1  =  -2.032  -2.9622v 
1+e     a 

dq  =  +1.339  +0.2769i/ 

9X  =  +1.553  -0.0633v 


l::i 
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If  these  values  are  substituted  in  the  weighted  equations, 
the  sum  of  the  squares  of  the  residuals  has  the  form 
L740".5  r  25.725  dv  ¥  0.32488  0. 
Placing  the  firsl  derivative  equal  to  zero,  and  solving 
dv  =    -39".59 
and  [/>'•>■]  sinks  from  5873"  to  1231,  while  [w],  which  was 
263  '.7  is  now  59".7.     For  the  observation  made  at  Nice, 
An:   21,  the  residuals    /acosSand    /8  become  +3".19  and 
ely,  v.  hi  ire  they  were  formerly  +  11".3  and 
—  4".  1.     Substituting   in   the   equations   of  condition  the 
ils  are 


It 
2) 
3) 

>> 

.-„ 

6) 
7) 
8) 
9) 
10) 

11) 


Ju  COS  & 

-0.74 
+  0.80 
+  0.40 
1-0.08 
-0.73 
-1.24 
+  2.65 
-0.50 
-0.57 
-  3.75 
+  3.79 


L2) 
13) 
14) 
15) 
16) 
17) 
18) 
19) 
20) 
21) 
22) 


J& 

+  '1.28 
+  0.52 
-0.79 
-0.71 
+  0.04 
+  0.84 
+  0.22 
+  0.21 
-0.43 
+  2.211 
-2.67 


It  remains  to  investigate  within  what  limits  dv  may  vary 
and  not  produce  results  in  contradiction  with  the  observa- 
tions.  Substituting  in  the  formula  above  given  for  the 
sum  of  the  squares  of  the  residuals  values  of  dv  from  0  to 
—  SO"  there  results 


''' 

0 
-10 
-20 

.30 
-40 


[pw]f 
1741* 
1515 
1355 
1261 
1231 


-50 

-GO 
-70 
-80 


1266* 
13GG 
1531 

17G1 


None  of  these  values  of  dv  between  —20"  and  —(JO" 
woidd  either  materially  alter  the  order  of  signs  of  the 
residuals  when  substituted  in  the  equations  of  condition, 
nor  do  they  introduce  so  great  a  variation  in  [piw]  as  to  be 
irreconcilable  with  the  observations.  Between  the  limits 
—  30"  and  —50",  it  is  evident  that  any  value  might  be 
used  at  random,  with  almost  equally  good  results.  Some 
slight  evidence,  however,  is  at  hand  in  the  residuals  afforded 
bj  the  Nice  observation  of  Aug.  21,  which  take  form 

+  11".03  +  0.198^1/     ami     -2.4G  +  0.011  dv 

respectively.      Assuming   dv  at   —40"  these  residuals  be- 
come of  the  same  order  numerically,  i.e.  +3".ll  and  —2". 90. 
Regarded  as  functions  of  dv  the  definitive  elements,  re- 
ferred to  the  mean  equinox  and  ecliptic  of  1804.0,  are 

T  =   1894  April  13.406  912  +  0.000  395  dv 

a,  =  324°  12  22.52       +1.2046  dv 

Q,  =  20G  23  53.04       -0.5347  dv 

i  =  8G  59  18.19       +0.8478  dv 

q  =  0.0830931  +0.000001339  dv 

e  -=  0.0011206  +0.000002837  dv 

For    dv  =  40"    the  period  of  revolution  is  1143  years. 

The  orbit  sustains  peculiar  relations  to  that  of  Jvpiter. 
During  the  entire  time  of  visibility,  and  for  two  or  three 
years  previous,  the  planet  was  near  the  orbit  plane.  From 
a  cosmological  standpoint  the  comet's  previous  history  is  of 
considerable  interest.  The  computation  of  the  perturba- 
tions by  the  major  planets  previous  to  discovery  is  now  in 
progress,  and  the  results  will  be  presented  later. 

Syracuse  University,  Syracuse,   \. )'..  1901  April  5. 


A   NEW    DETERMINATION   OF   THE   SOLAR   MOTION, 


By  J.  (i.  POISTEi; 


Nearly  a  decade  ago,  in  A.J.  276,  1  published  a  determi- 
nation of  the  solar  motion  based  on  my  catalogue  of  L340 
proper-motion  stars.  This  solution  differed  from  all  pre- 
vious ones  in  the  high  declination  of  the  apex  resulting  from 
with  small  motion;  although  Professor  Boss  bad 
previously  {A.J.  213)  obtained  from  253  stars  with  motion 
less  than  0".4   per  year  a  value  nearly    as  great.     1  have 

I n  entirely  satisfied  with  my  former  work,  because, 

in  the  first   place,  no  systematic  corrections  had  been  intro- 
duced in  deriving  the  proper  motions ;    and  secondly,  the 
i    .i!    Aikv    is   subject  to  criticism    as    involving    a 
hypothesis  of  doubtful  validity. 

Having  in  the  mean  time  recomputed  the  motions  of  the 


stars  used  in  the  former  work,  and  collected  many  more,  I 
have  thought  it  worth  while  to  repeat  the  determination  of 
the  solar  motion.  Only  the  results  will  here  be  given.  It 
is  hoped  to  present  a  more  detailed  account  of  the  investi- 
gation, together  with  some  other  studies  based  on  proper 
motions,  in  a  forthcoming  number  of  the  publications  of 
the  Cincinnati  Observatory. 

The  data  used  in  this  investigation  were  the  proper 
motions  contained  in  the  Publications  of  the  Cincinnati 
Observatory,  Numbers  13  and  1  1.  the  fundamental  stars  in 
the  Berl.  Astr.  Jahrbuch  with  motion  of  0".08  and  greater 
(revised  values  A. N.  3508-9),  and  a  list  of  southern  stars 
compiled  for  this  especial  purpose.      This  material  includes 
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certainly  most  of  the  stars  now  known  to  have  motion  of 
0".15  per  year  and  upwards,  together  with  a  considerable 
number  with  less  motion. 

The  method  adopted  for  deducing  the  position  of  the 
apex  from  this  material  is  that  proposed  by  Professor 
Kai-teyx  in  his  paper,  "  The  Determination  of  the  Apex 
of  the  Solar  Motion,"  in  the  proceedings  of  the  Royal 
Academy  of  Sciences  at  Amsterdam,  Feb.  21,  1900.  The 
apex,  according  to  this  method,  must  be  so  chosen  that  the 
sum  of  the  proper  motions  resolved  in  the  direction  of  the 
anti-apex  shall  be  a  maximum.  This  condition  is,  of  course, 
satisfied  when  the  sum  of  the  motions  resolved  perpendicu- 
lar to  this  direction  is  zero.  In  the  application  of  the 
method  the  surface  of  the  sky  was  divided  into  sections 
about  15°  square,  and  the  mean  of  the  positions  and  mo- 
tions for  the  stars  of  the  first  and  second  groups  falling  in 
these  several  divisions  were  taken.  Stars  of  the  third  and 
fourth  groups  were  also  united  to  some  extent,  but  inde- 
pendently. No  stars  were  included  which  fell  within  30° 
of  the  assumed  apex  or  anti-apex.  The  piosition  of  the 
apex  in  the  first  approximation  was  placed  at  18u  30'", 
+  35°,  in  accordance  with  Professor  Newcomb's  conclusion 
(A.J.  457).  The  correction  to  the  declination  for  the  first 
group,  however,  coming  out  +1S°.5,  I  judged  it  necessary 
to  make  another  approximation.  This  was  done  for  both 
the  first  and  second  groups,  using  for  the  apex  18h  35m, 
+  45°.  The  whole  work  was  gone  over,  thus  affording  a 
check  on  the  accuracy  of  the  computations.  Tn  order  to 
preserve  the  proper  limit  of  distance  from  the  new  apex 
some  few  stars  had  to  be  rejected,  and  others  added,  but 
the  close  agreement  of  the  results  shows  that  this  had  no 
appreciable  effect,  and  indeed,  that  the  second  approxima- 
tion was  hardly  necessary. 

The  following  are  the  final  results. 


Group 

Yearly  Motion 

No.  of  Stars 

.1 

1) 

I 

Less  than        0.2 

1037 

IS    15 

+  54.1 

II 

0".2  to  0.5 

1063 

is  37 

+39.6 

III 

0".5  to  1.25 

235 

18  25 

+  34.4 

IV 

Greater  than  1.25 

56 

18  13 

+  4::.5 

The  results  from  Group  IV  may  be  neglected,  since  for 
these  stars  the  mt>tnx  peculiaris  in  general  far  exceeds  the 
parallactic  motion,  and  their  number  is  not  great  enough 
to  eliminate  its  effect.  The  agreement  of  the  declination 
of  the  apex  from  this  group  with  the  mean  of  the  other 
values  must  be  regarded  as  merely  accidental.  The  results 
from  the  first  three  groups  show  a  wide  range,  particularly 
in  declination.  That  this  difference  is  real,  and  is  not  due 
to  any  peculiarity  of  the  method  employed,  can  hardly  be 


doubted.  Indeed,  the  close  approach  of  the  results  to 
those  of  my  former  determination  by  Airy's  method  is 
rather  remarkable.  The  question  then  arises  which  po- 
sition represents  most  nearly  the  true  apex  of  the  solar 
motion. 

Professor  Boss's  conclusion  (.-J.J.  213)  that  "for  stars 
having  proper  motion  greater  than  10"  per  century,  the 
true  criterion  for  estimating  their  average  distance  is  very 
nearly  independent  of  the  magnitude,  and  is  almost  wholly 
some  function  of  the  apparent  proper  motion,"  is  to  some 
degree  substantiated  by  the  fact  that  the  mean  magnitudes 
of  my  first  and  second  groups  are  very  nearly  the  same ; 
yet  in  this  connection  it  should  be  remarked  that  while 
the  second  group  is,  for  the  northern  sky,  tolerably  com- 
plete, the  first  group  is  not ;  and  the  stars  which  will  in 
future  be  added  to  this  group  will  nearly  all  be  of  magni- 
tudes below  the  seventh.  It  may  therefore  be  considered 
certain  that  eventually  the  average  magnitude  for  this 
group  will  fall  below  that  of  the  second  group.  The  stars 
of  the  third  and  fourth  groups,  as  was  to  be  expected,  show 
a  distinct  increase  in  brightness.  There  can  be  no  doubt, 
however,  from  the  researches  of  Stumpe  and  others,  that 
for  the  stars  here  in  question  the  amount  of  motion  is  a 
surer  criterion  than  magnitude  of  their  average  distance 
from  our  system.  As  the  mean  motion  of  the  second  group 
is  a  little  more  than  twice  that  of  the  first,  we  may  assume 
that  the  average  distance  is  about  twice  as  great.  They 
are,  therefore,  much  more  widely  scattered  in  space,  and 
hence  are  less  likely  to  be  affected  by  any  common  drift. 

The  fact  that  the  apex  from  the  third  group  is  still 
further  south  lends  plausibility  to  the  conjecture  that  it  is 
some  local  drift  which  causes  the  displacement  of  the  apex. 
I  am  inclined  to  think  that  the  low  position  of  the  apex 
given  by  the  Bradley  stars  may  be  due  in  like  manner  to 
their  comparative  nearness,  the  great  majority  of  these 
stars  being  brighter  than  the  seventh  magnitude. 

It  has  long  been  recognized  as  true,  and  recent  investi- 
gations of  my  own  have  confirmed  the  fact,  tfcat  consider- 
able numbers  of  stars  in  different  parts  of  the  sky  are 
affected  by  common  drift  distinctly  separate  from  that  due 
to  parallactic  motion.  The  point  I  wish  to  emphasize, 
then,  is  this,  that  the  more  widely  scattered  in  space  are 
the  stars  used  for  determining  the  solar  motion,  the  more 
likely  are  we  to  eliminate  the  effects  of  such  drift.  In 
this  view  of  the  case  we  should  certainly  give  greater 
weight  to  the  position  of  the  apex  as  fixed  by  the  first 
group.  Excluding  motions  of  over  half  a  second,  and 
giving  double  weight  to  Group  I,  we  shall  have  as  the 
result  of  the  present  investigation : 


A   =    18"  12" 


1>  =    +49° 


2100  stars 


Cincinnati  Observatory,   1901  April  10. 
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T  II  E     A  STRONOMIC  A  L     .lor  B  N  A  L. 


N°- 496-497 


Ch.  8093.     E  l.\I>L 

R.A.  ■_'L'h  28m  53'    ,     Decl.  -   67°  tS',3    (1900), 
Bi     ALEXANDER  W.   ROBERTS. 


This  star  was  discovered  to  be  variable  by  Gould,  and 
is  so  noted  both  in  the  Zone  Catalogue  and  in  the  General 
■ 

A  vei     i  examination  of  the  star's  light  has  been 

made  at  Lovedale  during  the  pasl  two  years,  and  from 
rations  the  following  elements  of  variation  are 
obtained : 


Period, 

Mi  i 
.Min.  ■ 

I.i  i 


209  days 

1900  June  23 

March  20  i '.'  estimated  only  i 

8».0-12».5  (?) 


Tlic  lower  limit.  12".5,  is  estimated  from  tin'  form  of  tin' 
Lighl  curve,  as  the  faintest  magnitude  I  can  observe  in  the 
.">',-iin'li  Ross  telescope  is  1 1  ".2. 

The  light-curve  is  regular  ami  continuous,  and  the  as- 
cending phase  is  apparently  slightly  more  rapid  than  the 
descending  phase. 


Lovedale,  L901  February  28. 


LATITUDE    OBSERVATIONS    MADE   AT    THE    IMPERIAL   ASTRONOMICAL 

OBSERVATORY,   AT   EASAN, 

By  M.  A.  GKATCIIOF,  Orserveu  of  the  Observatory. 
[Communicated  by  Prof.  Duriago,  Director.] 
The  following  corrections  to  the  results  iu  A.  J.  495  are 
due  to  February.  1901. 

f  Pairs 

Rea<i :     1901  February  1  55  4 

'.) 

11 

13 

14 

Kasan,  190]  March  2i. 


22.94 

4 

23.02 

16 

23.12 

16 

23.20 

14 

22.88 

11 

<f                    Pairs 

Read:     1901  February  IS 
21 
26 

1'7 

55  47  23.38           8 
22.98           7 
23.08           8 
23.08         10 

Monthly  Means. 

<f                          Pairs 

1901  February  16         55°  47' 23".083        100 

NEW   COMET,  cl  1901. 

From  notices  in  the  daily  newspapers  it  appears  that  a  very  bright  comet  was  discovered  in  the  eastern  sky  on  the 
morning  of  April  24,  at  the  Cape  of  Good  Hope. 

It  was  also  seen  at  Sydney,  New  South  Wales,  and  at  various  other  places  in  Australia. 

On  April  27  it  was  seen  twenty  minutes  before  sunrise,  at  the  Yerkes  Observatory,  Williams  Bay,  Wisconsin,  and 
followed  until  half  an  hour  after  sunrise. 

It  was  fifteen  degrees  north  of  the  sun,  and  was  plainly  visible  to  the  naked  eye.  The  nucleus  appeared  to  be 
faint  and  diffuse,  and  there  were  two  tails  prominently  visible. 

[ts  motion  is  in  a  northeasterly  direction,  or  away  from  the  sun. 


The  present  is  perhaps  as  pertinent  an  occasion  as  any 
for  a  statement  that  requires  to  be  made  in  the  interest  of 
domical  truth.  In  consequence  of  changes  agreed 
upon  between  Dr.  Kreutz  and  the  Director  of  the  Harvard 
College  Observatory,  in  the  method  of  addressing  astro- 
nomical  cable  dispatches,  tin-  Astronomical  Journal  has  for 
a  year  or  two  past  been  cut  off  from  all  such  information. 
This  abrogation   of  the   arrangement.-,  originally  made  by 


Dr.  Kreuger  with  Mr.  Ritchie  and  the  Editor  of  this 
Journal,  which  renders  it  necessary  for  the  Journal  to  de- 
pend entirely  on  extraneous  sources,  does  not  appear  to  be 
in  the  interests  of  astronomical  science.  It  cannot  be  sup- 
posed that  Dr.  Kreutz  would  have  assented  to  the  change 
could  he  have  been  aware  that  it  would  lead  to  such  a 
result,  or  be  used  for  such  a  purpose.  —  Ed. 
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NOTES   OX    VARIABLE   STARS,  — No.  35, 


By    HENRY    M 
DM.  — 6°6071.      —  Aquarii.      While    the    two    Peters's 

ecliptic  charts  confirm  the  DM.  estimate,  the  Chacornac 
■chart  represents  the  star  as  11".  My  photometric  obser- 
vations, upon  final  revision  make  the  average  error  about 
(I'M,  ami  show  that  the  star  is  not  even  fluctuating. 


l'A  l;  KII  UBST. 

Missing  I'M.  Star.  +  9°.34  is  taken  from  the  list  on 
the  last  page  of  the  Third  Catalogue.  The  first  three  ob- 
servations below  were  taken  from  my  star-maps,  which 
included  eight  faint  stars  in  the  neighborhood,  but  omitted 
the  missing  star.  From  the  observations  below,  the  star 
appears  to  be  nearly  uniform  at  11  ".4. 


Results  of  Observations. 


Observed  Date 

No. 

Star 

Phase 

E 

(  orr. 

w 

Mag. 

Factors 

Remarks 

Julian 

Calendar 

1000 

.i 

7260 

Z  Aquilae 

Max. 

5297 

Oct.     4 

17 

-30 

5 

9.1 

- 

- 

7261 

I;  Delphini 

Max. 

5274 

Sept.  1  1 

45 

-48 

9 

7.14 

0.54 

0.61 

12 

7404 

I;  Mieroscopii 

Max. 

5313 

Oct.   20 

13 

_    ^ 

9 

8.17 

0.20 

0.24 

6 

Compared  with  Ceres 

74:i.-> 

V  Aquarii 

Max. 

5224 

July  23 

- 

- 

3 

8.3 

- 

- 

- 

380  '.'  days 

7448 

W  Aquarii 

Max. 

5223 

July  22 

11 

+  107 

2 

- 

- 

- 

- 

7590 

'/,  ( 'apricorni 

.Max. 

5308 

Oct.   15 

5 

-178 

9 

9.28 

0.81 

1.23 

32 

—28,  period  A.J.  372 

[7657] 

—  Pegasi 

Max. 

5308 

Oct.    15 

3 

-15 

9 

9.34 

3.28 

3.46 

7.7 

Confirms  period  204  days 

7659 

T  Capricorni 

Max. 

5296 

Oct.     3 

61 

—  3 

7 

9.10 

- 

- 

- 

_ 

DM.  -6°6071 

- 

- 

_ 

_ 

_ 

_ 

9.32 

- 

- 

- 

See  note  above 

8369 

W  Pegasi 

Min. 

5336 

Nov.  12 

4 

25 

8 

12.4 

1.6 

2.0 

80 

Assuming  period  338  days 

8512 

/,'  Aquarii 

Max. 

5366 

Dec.    L2 

84 

0 

9 

7.06 

L.55 

1.13 

37 

Apparently  a  coincidence 

8622 

W  Ceti 

Max. 

54  1  1 

Jan.  26 

_ 

_ 

6 

- 

- 

- 

- 

Max.  still  in  the  twilight 

_ 

DM.  +  9°34 

_ 

_ 

_ 

_ 

_ 

- 

11.1 

_ 

_ 

_ 

See  note  above 

103 

"/'  Andromedae 

Max. 

5414 

Jan.  29 

12 

f  15 

5 

8.0 

- 

- 

- 

114 

S  Ceti 

Max. 

5 1 1 15 

Jan.  20 

32 

-   6 

9 

7.99 

1.10 

1.31 

34 

Rejecting  obs.  of  Feb.  10 

166 

V  Piscium 

Max. 

5333 

Nov.     9 

44 

+  11 

6 

- 

- 

- 

- 

513 

I;  Piscium 

Max. 

4962 

Nov.     3 

35 

- 

E 

- 

- 

- 

- 

Obsns.  interrupted  1899 

« 

« 

Max. 

5340 

Nov.  113 

36 

+  35 

9 

8.7.7 

2.40 

1.8.5 

49 

Light-curve  much  changed 

715 

S  Arietis 

Max. 

5386 

Jan.      1 

36 

E 

- 

- 

- 

- 

782 

R  Arietis 

Max. 

5365 

Dec.   11 

67 

+  21 

9 

7.67 

1.33 

1.08 

32 

845 

B  Ceti 

Max. 

5384.7 

Dec.  30 

74 

-  1 

9 

8.49 

1.26 

1.55 

18 

893 

V  Ceti 

Max. 

5 1 1 7 

Feb.     1 

25 

- 

E 

- 

- 

- 

- 

906 

I!  Trianguli 

Max. 

5387 

Jan.     2 

14 

+   4 

9 

5.30 

0.84 

0.39 

13 

976 

T  Arietis 

Min. 

5451 

Mar.    7 

33 

- 

E 

- 

- 

- 

[20  days 

1113 

/'  .1  rift  is 

Max. 

7.371 

Dec.  17 

_ 

- 

6 

- 

- 

- 

- 

Average  variation  of  interval 

1166 

X  Ceti 

Max. 

5385 

Dec.  31 

8 

—    5 

6 

- 

- 

- 

- 

Period  A.J.  138 

[1217] 

Nova  Perst  i 

Max. 

5439.6 

Feb.    23 

_ 

- 

- 

0.0 

- 

- 

- 

>  Capella,  Mt.  Hamilton 

1 222 

R  Persei 

Max. 

1890 

Aug.  23 

66 

- 

E 

- 

- 

- 

- 

1899 

•  • 

a 

Max. 

5312 

Oct.    22 

68 

- 

E 

- 

- 

- 

- 

1900 

1  .""'77 

L'  Tduri 

Min. 

5097 

Mar.   18 

43 

E 

- 

- 

- 

- 

L900 

« 

« 

Min. 

5422 

Feb.     6 

44 

- 

E 

- 

- 

- 

1582 

S  Tauri 

Max. 

5  1 7  5 

Mar.  31 

40 

E 

- 

- 

- 

Earlier  than  elements 

(137) 


138 


TH  E      \  sr  KON  OMICAL     .1  o  0  KN  A  L. 


N°  198 


I  M.I\  101    \I,    <  >i:si:i;v  1TIIINS. 
Including  Observations  bj   Arthur  C.  Perry. 


"260  Z  Aquilae.         7590  Z  (  >  on! 

k1.  Comp.StarsS98  Julian     Calendar       Maj 

Julian    Calendar      Ma 


5249.6  Aug.  17 
5260.6  28 

5276.5  Si 
5290.5  27 

5308  5  0        15 
5312.5  19 

5331.5  Nov.     . 


5294.5  Oct.  I 

L1.8     5310.5  17 

10.0    5313.5  20 

9.89  5317.5  24 


9.08 

9.43 

9.49 

L0.3] 


326.5  Nov.    2 
5334.5  10 


7261    R  Delphini. 

(Continued  i 
5257.6  Aug.  25 
5258.6  26 

5262.5  30 

5263.5  31 

5267 .6  Sept.   4 


9  6 
9.13s 
9.02, 
9.50s 
9.94. 
10.16, 


8512   R  Aquarii. 
I  ontlnueil  from  187 
Julian     Calendar        Mi 

L90O 

5283.5  Sept.20 

5304.6  t'lt.    1  1 


Pegai 


5273.5 
5274.5 
r.  l'  7 1  > .  ."> 
5282.5 
5294.5 
5308.5 
5317.5 
5331.5  Noi 


Oct. 


L0 

11 

13 

L9 

1 

15 
1'4 


7.51, 
7. im; 
7.59 
7.82 
7.53 
7.16J 

7. 'if., 

7.31, 
7.71, 
8.26, 

10.11, 
9.29 

10.1 


[7657] 

i  ontinued  from  482.) 

228.6  July  27 

249.6  Aug.  17 
5260.6  28 

270.5  s«'],t.  ic. 

290.5  27 
5312.5  Oct.  19 
5326.5  Nov.  2 
5334.5  10 
5347.5  23 
5368.5  Dec.  14 


11] 

KM 
0.7O, 
9.54, 
0.07 
8.97, 
0.07., 
0.4  1 

9.5; 

11.18 


531 1.5 
5322.' 
5331. 

5347.5 
5362.5 
5370.5 
5378.5 
5380.5 


Nov. 


Dec. 


21 
29 

7 
14 
".'! 

8 
16 
24 
26 


10.5 
9.66 
10.12, 

'.i  13, 


L03  /  Indrom.- 
Julian     Calendar 

1901 

5414.5  Jan.  29 
5  I  is. 5  Feb.  2 
5433.5  17 


-Cont. 
Mag. 

8.3 

8.06, 
8.48. 


Ill   S  Cell. 


5404.5  Jan.  19 
8622    WCeti. 


■  .5  I .. 

7.53 

7.(H 

0.00." 

7.54, 

7.80, 

7. so, 


(Continued  from  314.) 
1800 

12] 


5314.5  Oct.  21 
5;;:;7.5  Nov.  L3 
5:;:;s.5  ll 

5345.5  21 

1363.5  Dec.  9 
5376.5  22 


(Continued  from  4s?.,> 

?8.5  Nov""l4 


7404    B  Microscopii. 

(Continued  from  426.) 


7659  T  Capricorni. 

(Continued  from  432.) 

1900 

5262.6  Aug.  30 
s5279.5  Sept.  16 
5285.5  22 

Oct 


•15347.1 
5362.£ 
5373.{ 
5381.4 


Dec. 


11.5    | 
10.40„"°8 


1901 

Jan. 


5304.5  Oct.  11 

8.5 

5308.6     1"> 

9.05, 

5309.5     16 

8.70, 

5310.6     17 

8.69, 

5312.5     10 

8. 1  7, 

5313.5     20 

8.00, 

5314.5     21 

s.17 

5315.5     22 

8.27, 

5317.5     24 

9.19, 

5326.5  Nov.  2 

10.08 

7435  Y  Aquarii. 

(Contu 

482.) 

5205.6  J 

9.1 

5217.6     16 

8.3 

5223.6     22 

8.35, 

5231.6     30 

8.51 

5235.6  Aug.  3 

8.44 

5248.6     10 

8.94 

7448    W  Aquarii. 

nued  from  482. 
1901 

5205.6  July  I  11.2 

5217.6   *  10  11.2 

5223.6  22  11.08 

523 1.6  30  11.71 


5294.5 
5310.5 
5313.5 
5317.5 
5326.5 


1 
17 
20 
24 


Nov.    2 

dm.  -oy>o; 

1897 

1189.6  Sept.  21 
U95.6  27 

H96.5  28 

4201.5  Oct.     3 

1210.6  12 
1213.6  15 
1257.5  Nov.  28 
1283.5  Dec.  24 

1546.5  Sept.  13 

4570.5  Oct.  13 
4605.5  Nov.  11 
1638.5  Dec.  14 


249.5 

252.6 

5263.6 


1900 

Aug.  r 


31 


9.17, 
8.65. 
9.44, 
9.41, 
9.51. 

10.10. 

1. 

9.0 

0.0 

9.20 

9.43, 

9.49 

9.47. 

o.:;7, 

9.4 

9.40, 

0.14,, 
0.41. 

0.3S 

0.10 
9  M 
0.11 


188.5 
5390.5 

392.5 

404.5 
5  1 1 1 .5 
5412.5 
5  II'  1.5  Feb. 


8369    I/'  Fegasi. 


526S.5  Sept.    5 

5275.5  12 

5284.5  21 

531  1.5  Oct.    21 

7590  Z  Capricorni.      5334.5  Nov.  10 

(Continued  from  372.)  Villi"",  If, 

1900  ""'     ■ 

5262.6  Aug.  30  12.2  5345.5  21 
5-75,5  Sept.  12  11.25,5378.5  Dec.  24 
5284.5     21  10.39J5380.5     26 


9.54,i 

'.(  L0, 
10.24, 
11.50, 
12.36.1": 

1  1.: 
M.7(i, 


9.50, 
9.55 
8.66, 
8.66, 
8.20, 

8.33 
8.09, 
7.91, 

7.07 

8.16; 

0.73 
7. '.15 
7.11 


5405.5  Jan. 
5414.5 
41S.5  Feb. 
5426.5 
5428.5 
5429.5 


4927.6  Sept!  20 

19U0 

531  1.5  Oct.  21 
5337.5  Nov.  13 
5310.5  22 

5366.5  Dec.  12 


DM.  +9°34 

1862 

Oct. 


11 
18 
20 

189G 

Dec.      1 


1425 
1432 

1  i:;i 

3895 

3897.6 


3930.5  Jan.  5 
3975.5  Feb.  19 
J13S.7  to 

4331.5  Feb.  10 

c,  dates 
4579.5  Oct.  ic 
1609.5   Nov.  15 

l'JOO 

5339.5  Nov.  15 
5364.5  Dec.   1<> 


11] 

11] 
11] 
11.5 

1 1  .s: 

11,17 
1 1 .5 

11  + 

11.17 
11.9 

11] 
11.3 


10.1 

9.79 
9.58 
9.23 
9.21, 

7. 1  1 4 

7, SO,. 

8.70l 

6.51,? 

8.52 

8.00 


782  R    Metis- 
Julian     Calendar 

1900 

5350.5  Dec.  2 
5303.5 
5370.5 
5378.5 

5388.5 
5390.5 


9 

16 
24 


Jan. 


Cunt. 
Mag. 

8.13, 
7.25, 

7.75., 


9.02„ 

7.05", 


845  R  en;. 

(Continued  from  438, 
leoo 

53311.5   Nov.  15 

5376.5  Dec.  22 
537S.5  2 1 

53S1.5  27 


11.1 
8.5 
8.39, 
8.59, 


406    V  Piscium. 


12] 

11.34, 

10.00." 
11.16, 

10.98." 


5387.5 

5:;ss.5 

531)11.5 
5407.5 


1901 


Jan. 


8.49., 
S.46„ 
8.56, 

0.17,, 


893  V  c,/;. 

(Cont.from  438.  Comp.Stars346) 
1900 

317.5  Nov.  23    10.7 
5373.5  Dec.  19      8.67, 
53S1.5  27       7.83, 


513    R  Piscium. 


Cunt  fnnnJi'.s.  <  . >i n | , .st;i r-  4iw 
1899 

1927.6  Sept.  29 
1940.6  Oct.   12 


1948.5 
4949.6 

190 

5313.6 
531  1.6 
5315.6 
5337.5  Nov. 
5346.5 
5362.5  Dec. 
5373.5 
5381.5 


20 
21 

20 
21 

22 
13 
22 
8 
19 


11.1 

10.27., 
8.87, 
9.24, 

8.67, 
8.60, 
9.12, 
8.40, 
8.37, 
8.91, 
9.341 
10.12, 


541  1., 
5421. 
5431. 


103   T  Andromedae. 

,  (Cont.lrom  487.  Comp  Stai  iS46) 

woo 

'5314.5  Oct.   21  12] 

5337.5  Nov.  13  11.5 

5338.5  14  11.13, 

21  11.00., 

5376.5  Dec.  22  9.09, 

[0;98:,5380.5        J6  0.22, 

11. si.  5405.5  Jan.  20       8.05, 


715  S  Arietis. 

(Continued  from  438.) 
1900 

5314.5  Oct.    21 

5337.5  Nov.  13 

5374.5  Dec.  20 
5376.5  22 


12] 
12] 
10.0 

10,11 


7S2    R  Arietis. 

(Continued  from  468.) 
1899 

4927.6   Sept.  20        0.4 


4940.6  Oct.    12 

1900 

52S5.0  Sept.22 
5317.5  Ocl  24 
5334.5  Nov.  10 
5346.5  22 


9.39, 

10.58. 
8.32 

7,ss, 
8.08^ 


1901 


Jan. 
Feb. 


29 


8.3 

7.90, 

7.59. 


000   R  Trianguli. 

(Co 


tinned  Inn 
1900 

5200.0  Aug.  28 
5312.6  Oct.  19 
5317.0 
5334.5  Nov 
5346.5 

Dec. 


24 
10 


5356.5 
5362.5 
5363.5 

5372.5 

5386.5 

53S7.5 
.y;s.s,.-, 
5390.5 
5392.5 

530  1.5 


1901 

Jan. 


9 


11.7 
8.62, 
8.32, 
7.70, 
7.86, 
5.321 
5.83, 
5.941 
6.30, 

4.82, 
5.43, 
5.49, 

■1.73., 
6.94, 
5.021 


070  T  Arietis. 

(Cont. from  468,  Comp.S tars  403) 

1900 

5339.5  Nov.  15      0.2 
5378.5  Dec.  21       8.74, 


1901 


5424.5 
5434.5 


I'Vii. 


9.52, 

o.l  ol 
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1113    V  Arietis. 

i  Cont. from  487.  Comp.Stars314) 
Julian     Calendar       Mag. 

10O0 

5340.5  Nov.  16  7.4 

5345.5  21  7.74„ 

5356.5  Dec.     2  7.61., 

5373.5  19  7.34a 

538:;. 5  29  7.431 

1(101 

5423.5  Feb.     7       8.602 

1166  X  Ceti. 
<Cont.Irom46s.  Comp.Stare  HS8) 

1900 

5347.5  Nov.  23       9.8 

5372.5  Dec.  IS       9.26., 


L166  X  Ceti. -Gout. 

[l217]NovaPer.- 

-Cont. 

Julian     Calendar        Mag. 

Julian    Calendar 

Mag. 

5378.5  Dec90°24       9.03„ 
5383.5            29       8.632 

r.»ji 

•Ml  L-.5  Feb.  28 
5446.5  -Mar.    2 

3.52 

"  21 

5422  5  Feb.     6     10.572 

5446.5  2 
5  150.5               6 

2.38 
3.18! 

[1217]  Nova  Persei. 

5 151. 5  7 
5456.5             12 

3.25 
3.38, 

5440.5  Feb.  24       1.0 

5460.5            16 

2.7 

5441.3            25       1.2 

5462.5            18 

2.2:;, 

5442,r»             26       1.85., 

5463.5            19 

1.95, 

54  13.5            27    >2.47a 

5465.5            21 

I.NU, 

5443.5            27       3.042 

5466.5            22 

4.55, 

[1217~\XoraP,-i:-Qont. 
Julian     Calendar       Mag. 

1901 

5467.5  Mar.  2:;      3.97a 

5473.5  29       4.703 

1222   I!  Persei. 

(Continued  from  487.) 

1899 

1929.6  Oct.      1       8.2 

4931.5  :'.      8.50., 

4940.6  12       8.882 

L900 

5347.5  Nov.  23  9.054 
5364.5  Dec.  10  9.37„ 
5374.5  20       9.47, 


1577  R  Tauri. 

(Continued  from  W8. 

Julian     Calendar         Mil;. 

19  0 

5056.6  Feb.     5     11. 2i- 
5347.5  Nov.  23  bo 


5471.5  Mar.    27 

4  dates 


12] 


2582  S  Tauri. 

(Continued  from  468.) 
1909-1901 

5347.5  Nov.  23  12] 

5376.5  Dec.  22  12] 

5437.5  Feb.  21  10.21a 

5471.5  Mar.  29  11.1 


Star 
/ 
1/ 
R 
T 
V 
IV 

1W 
Y 

IF 

2  1" 

Z 

\z 


8369    W  Pegasi. 

DM.  Mag. 

+  25°4917  7.88 

+  25°4905  S.04 

+  25°4922  8.72 

+  25°4914  9.48 

+  24°4742  9.17 

+25°4926  9.48 

+24°4762  9.24 

+25°4916  9.93 

+25°4918  L0.25 

+  25°4920  10.46 

+  25°4919  10.54 

+25°4923  9.70 

6s2p        Z  10.57 

3f         2  1"  10.79 

In        2  1"  10.75 

2»2/     \Z  lu.22 


ink;  i; 


II 

Star 

D.1 

10 

A 

+  34°- 

5 

c 

+  33°- 

18 

1C 

3 

I) 

+  34°- 

2 

IE 

+  34°- 

12 

IF 

+  33° 

13 

G 

+  33°' 

7 

1G 

+  ;;.v 

6 

I 

+35°' 

7 

J 

+  33° 

4 

K 

+  33° 

2 

N 

+33° 

2 

IN 

+  34° 

5 

R 

+  :u 

6 

1R 

+35° 

2 

S 

+34 

Comparison-Sta 
Trianguli. 

M.  Mag.  ii 

169  1.96  19 

461  6.26  36 

454  5.28  30 

462  6.41  2 
471  6.14  9 
458  7.02  21 

463  6.93  21 
490  7.54  14 
498  7.68  L2 

465  7. ..7  14 
162  7. '.12  II 

466  7.02  7 
111  8.83  24 
151  8.92  II 
494  8.87  12 
174  S.97  IS 


ess,  1893-1900. 


Nova  Persei.  My  observations  were  confined  to  the  daylight  and 
bright  twilight,  and  were  ended  in  March,  by  the  interference  of  the 
new  building  on  the  north.  The  magnitudes  are  derived  from  those 
given  in  the  final  table,  obtained  from  the  observations,  based  upon 
the  Harvard  Revised  Photometry,  and  not  connected  with  m\  aster- 
oid basis.  On  Feb.  24  the  star's  position  was  not  known  until 
evening,  when  my  photometric  apparatus  was  not  applicable  to  such 
bright  stars.  On  Feb.  25,  the  comparison  was  made  by  daylight. 
On  Feb.  20  I  did  not  find  it  by  daylight,  but  observed  it  very  early  in 
the  twilight,  the  star  running  off  the  scale,  at  the  magnitude  stated 
in  the  second  series,  from  the  approaching  darkness  of  the  sky.  The 
waves  "ti  March  2  and  IS,  may  have  resulted  from  the  circumscribed 
conditions  in  which  observations  were  made,  with  apparatus  approx- 


906  B  Trianijuli.  —  Cont. 

P 

217]  Nova 

Persei. 

Star 

DM. 

Mag. 

n 

Star 

DM. 

Mag. 

a 

15 

+  35°501 

8.95 

10 

A 

+  45°1077 

0.27 

12 

25 

+  35°480 

0.24 

16 

B° 

+  4001  7 

1.66 

19 

T 

+  :;:;  464 

8.67 

8 

111 

+  1  1  1328 

2.43 

6 

IT 

^  35  192 

8.90 

12 

Ca 

+  11  395 

2.  t  » 

0 

W 

+35°516 

9.06 

20 

F° 

+  39  895 

3.10 

0 

1  W 

f33  168 

9.41 

28 

M° 

+  47°876 

2.76 

6 

X 

+35  193 

0.71 

1  1 

K° 

+  L2  815 

3.99 

8 

z 

+33  167 

0.5S 

20 

L° 

r  11   631 

3.95 

7 

\z 

r-33  171 

0.::, 

31 

IN" 

+  17  843 

1 . 1 .", 

7 

a 

6s4/      G 

0.7:; 

1 

O" 

-  i;  857 

4.20 

5 

b 

9/       1  // 

1  L.26 

18 

P° 

+49°857 

4.21 

2 

c 

3n2p  1  W 

10.53 

11 

R" 

+  42  750 

1.57 

9 

d 

3s6p      Z 

10.46 

6 

S° 

+  1.",  674 

5.(12 

(i 

e 

3»2/     Z 

10.66 

2  1 

1.1 

4  lo  899 

.Vol 

3 

,'/ 

on          V 

11.39 

10 

2.1 

+  40  002 

4.78 

:; 

h 

3s          V 

11.06 

.)•> 

D 

+  i:;  '730 

6.19 

2 

imately  and  experimentally  adapted  to  rapidly  varying  conditions, 

confining  my  choice  of  comparison-stars  sometimes  to  bright  and  at 
other  times  to  fainter  stars,  subject  to  different  conditions  of  atmos- 
phere and  of  twilight,  brightness  rapidly  changing  through  each 
series  of  observations.  In  my  series  of  observations  of  Nova  Aurigae 
there  were  similar  waves  which  were  corroborated  by  other  observers. 
In  some  cases  the  changes  in  brightness  seemed  conspicuous  from 
visual  examination,  and  additional  observations  were  made  for  the 
express  purpose  of  corroboration,  although  my  time  was  limited 
throughout  by  its  early  disappearance  behind  the  building  referred 
to.  For  the  same  reason  I  could  not  verify  the  magnitudes  ol  the 
comparison-stars  further  than  as  it  occurred  during  the  observations. 


PHOTOGRAPHIC   OBSERVATIONS   OF   MINOR  PLANETS. 


MADE    AT   THE    LICK    OBSKKVATORY, 
BY    II.    K. 

The  following  observations  were  made  from  plates  taken 
with  the  Crossley  Reflector,  with  the  assistance  of  Mr. 
C.  G.  Dall.  Several  exposures  were  made  on  each  plate. 
the  plate  being  moved  a  little  in  declination  between  suc- 
cessive exposures.  In  the  reduction  the  several  exposures 
were  treated  as  so  many  comparisons  in  a  micrometer 
observation.  The  observations  have  been  corrected  for  re- 
fraction, scale  value  and  orientation,  though  the  lasl  two 
quantities  might  be  changed  somewhat  by  the  use  of  defini- 
tive  star-places.      As   precession    and   aberration    simply 


UNIVERSITY    "I     CALIFORNIA, 
l'.U.MF.R. 

affect  the  orientation,  the  observations  have  been  reduced 
to  L901.0  directly. 

The  first  table  gives  the  positions  of  the   asteroids  as 
determined  from  each  plate,  while  the  second  table    .     < 
the  same   positions  as  determined  from  each  comparison- 
star. 

The  observations  have  been  compared  with  ephemerides 
kindly  furnished  by  Mr.  Coddington.  This  comparison  is 
given  in  the  columns  0  —  C  of  the  first  table. 


1 1" 


I  II  E     ASTRONOMICAL     JO  D  R  N  \  I.. 


N     198 


POSITIONS     I  »i  TERM  [NED    I  ROM     I'l    \  N  S. 


Plate 

Date 

Mi.  11.  M.T. 

« 

8 

logpA 

o- 

u 

-C 

8 

Exp 

No. 

>sures 
Lengtli 

(415)    L896  CO. 

1 

\l    ich  1  1 

ll        111        s 

11    24   20 

1l'"l':;"i  L04 

9.260       !-  7  50  31.3 

0.64  1 

-0n'l3?61 

■f  1    28.1 

4 

SO- 

2 

1  1 

11    30  20 

12  23  10.79 

&9.230      +7  50  33.1 
139)   Ohio. 

0.64  1 

_0  13.65 

+  1    28.1 

1 

SO- 

3 

April      8 

10  50  52 

12    13   18.1  1 

nS.968 

8    ll'  10.2 

1  LSI  12 

+  o  25.97 

-0    7.:; 

3 

."iMi 

1 

9 

1111   55 

12  38.30 

»8.613 

32  39.7 

0.801 

!  n  26.00 

-0     7.4 

3 

5"' 

5 

9 

11  34  15 

[2    l-  37.59 

7.799 

-8  32  31.2 

II.  sol 

+  0  25.92 

-0     7.6 

3 

5"' 

Plato  5  is  a  mtv  poor  one,  the  star  images  being  very  much  elongated  in  right-ascension. 


Positions  Determined  from    Individual  Stars. 


Plate 

Ja 

J8 

a 

V 

8 

V 

* 

+  o"'.-,:;>s 

+   3  11.1 

h      i 

.12  23 

11.02 

-0.02 

+  7  50 

32.0 

+  0.7 

1 

+  0  51.34 

+   8  45.6 

11.04 

0.00 

32.2 

+  0.0 

2 

1 

+  o  49.55 

-  5  11.6 

Hi.;)'.) 

0.05 

30.7 

-0.6 

3 

+  o   18.33 

-  5  20.0 

11.07 

+  0.03 

30.7 

-0.6 

4 

+  0     3.99 

+  12     2.5 

11.07 

+  0.03 

30.7 

-0.6 

5 

+  0  53.54 

+  3   12.7 

12  23 

10.78 

0.01 

+  7  50 

33.6 

+  o.r, 

1 

+  o  51.58 

+   8  47.0 

.78 

-0.01 

33.6 

+0.5 

2 

2 

+  o  49.32 

-  5     9.5 

.76 

-0.03 

32.8 

-0.3 

3 

+  0  48.08 

-  5   17.9 

.82 

+  0.03 

32.S 

-0.3 

4 

+  0     3.71 

+  12     4.6 

.82 

+  0.03 

32.S 

0.3 

5 

+  1   19.90 

-    1    46.7 

12   43 

IS. OS 

—  0.03 

-8  42 

10.3 

-0.1 

6 

+  o  26.34 

-   4  34.  1 

.21 

+  0.10 

.3 

-0.1 

7 

+  0  25.00 

-    5  57.1 

.09 

-0.02 

.0 

+  0.2 

8 

-0  34.09 

l    26.2 

.09 

-0.02 

•  > 

0.0 

9 

+  0  40.07 

+   7    I  l.o 

12  42 

38.25 

0.05 

-8  32 

30.0 

+  0.1 

6 

1 

-0   13.48 

1-    1   56.2 

.39 

+  0.00 

.7 

0.0 

7 

_o   14.80 

f  :;  33.3 

.29 

-0.01 

.6 

+  0.1 

8 

-1  13.92 

+  8     1.3 

.25 

-0.05 

.7 

0.0 

'.i 

+  0  39.36 

f    7  52.7 

12    II 

37.54 

-0.05 

-S  32 

30.9 

+  0.3 

6 

-0  14.17 

+   5     1.5 

7o 

+  0.11 

31.4 

-0.2 

7 

-0  15.51 

+  3  41.3 

.58 

-0.01 

31.6 

-0.4 

8 

-1   1  1  63 

+  8  13.0 

12  41 

37.54 

-0.05 

-8  32 

31.0 

•  0.2 

9 

\Iean    Places  of  Comparison-Stars. 


* 

a  1901.0 

S  1901.0 

Authority 

1 

12  22  17.24 

17    17  20.9 

\  <;.  Leipzig  6123 

•» 

22   10.7,0 

'7    11    16.6 

6124 

3 

22  21.44 

+  7  55  42.3 

«       6125 

1 

22  22.7  1 

+  7  55  50.7 

«             "         CI  20 

5 

23     7.i  is 

+  7  38  28  2 

6134 

6 

11   58.18 

8  40  23.6 

!  (W,  12h668  + Paris  1 

5704  + Had.,  3323) 

7 

12  51.87 

8  37  35.9 

Talis   17,720 

8 

12  53.09 

-8  36   12.0 

Paris  L5730 

9 

12    13  7.2.17 

8  40  44  0 

1  ,  \\  ,  12  7i  n   •  r 

5757  1  Schj.  1017  Ulad. 

3331  i 
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POSITION    OF    THE     EQUINOX    AND    THE    VALUES    OF    OTIIEE     ELEMENTS 
DERIVED    FROM    RECENT    GREENWICH    AND    WASHINGTON 

OBSERVATIONS    OF    THE   SUN, 

!•>•,    SIMON    NEWCOMB. 


In  the  recently  issued  Publications  of   the  U.S.  Naval 
Observatory,  Second  Series.  Vol.  I.  are  found  the  results  of 

meridian  observations  of  the  Sun  from  1894  to  1899.     As 

no  other  material  for  correcting  the  positii f  the  equinox, 

except  the  annual  results  of  the  Greenwich  observations,  is 


likely  to  be  loon  available,  it  seems  of  interest  to  determine 
the    correction    from   the   observations   in    question.     Tin- 
monthly  means  of  the  corrections  given  by  these  ob 
tions    to    the    Sun's    position,   as    found    in   the   Ann 
Ephemeris,  are  tabulated  as  follows: 


Mean  Monthly  Corrections  to  the  Ephemeris  of  the  Sun  from  Hansen's  Tables,  Derived  from 
Washington  Observations,   1894  to  1899. 

[The  units  are  O'.OOl  in  Right-Ascension,  and  0".01  in  Declination.     The  subscript   figures  are  number  of  observations. 

Correct/' <i>ts  to  Right- Ascension. 


January 

February 

March 

April 

May 

June 

July 

August 

ember 
I  lei  ober 
\  i  ivember 
December 


1894 


141M 
-136., 


1895 

-  70, 
-1002 
-l5110 

-  52, 

02 

+  .-,r,: 

_   29 

-  7810 
-111. 
-l.-it. 


IS96 


+  23; 
—  13ls 
+74,, 
-19a 
+  *« 
-69„ 


1897 

-  571( 
-102, 

-  61, 

-  is,; 

+  94„ 

-  4, 
+  32„ 
+  11, 

-  12„ 


9» 


1898 

82, 
-39„ 
-9J,2 

—  °-13 
"      '■'>, 

+  .,:;,_, 
+11,, 
+  132, 
+  6x, 
+  28,, 
+  291S 


1899 

-65, 
-41. 
-47, 
-13„ 
+  18„ 
+  8M 
t"  9„ 
24 

016 
-47,, 
-92,2 
—82 


Mean 

-08.06943 
-0.054,, 
-0.073^ 
-0.045,, 
+  0.028M 
+  0.0044, 
+  0.033,, 
-0.00409 
+-0.01  1  , 
-0.032M 
-0.050,, 
-0.070,. 


'.ions  to  D& 


1894 

1895 

1896 

IS97 

1898 

Mean 

January 

-210, 

-80, 

+     2„ 

+  12 

+ 

96, 

—  o'o2« 

1  -  brua ry 

-132, 

65 

_ 

II 

-0.70„ 

March 

-1352 

+   55„ 

-92 

2           — 

56 

-0.37„ 

April 

-   2510 

+   +V.i 

-32 

+ 

',- 

+  0.03,, 

May 

•": 

+   99„ 

+  67 

+ 

82„ 

+  H.71 ., 

June 

-   20„ 

-Hi., 

+   9813 

+  7S 

9           — 

lio 

+  0.59<0 

July 

-     4J 

+  72,2 

+  108,, 

+49 

4           + 

1512 

+  0.58,, 

August 

-74, 

+  11,: 

+    41„ 

-  68 

,           + 

49, 

+  0.26„ 

September 

•', 

-31, 

11. 

—  36 

+ 

20 

-0.10,, 

October 

.,., 

--,., 

+  55,,, 

+     3„ 

+    9 

+ 

65, 

+  0.1-.1-, 

November 

-"11 
-   u 

_     s 

+   1," 

+   45u 

+  26 

+  Mi;., 

+  0.49 

December 

hr,l  , 

|     IMS 

+28,a 

+  55, 

-I'd 

+  118 

1     J  iO„ 

+  0.56., 

The  observations  up  to  June,  1899,  were  made  with  the 
9-inch  transit  circle;  the  subsequent  ones  with  the  new 
6-inch.  Owing  to  this  circumstance,  and  the  gaps  in  the 
series,  arising  from  the  instrument  being  under  repair,  it 
does  not  seem  worth  while  to  treat  the  years  separately. 
I  have  therefore  taken  the  mean  result  for  each  month, 
which  is  found  in  the  last  column. 

Very  striking  is  the  systematic  discordances  between  the 


corrections  in  right-ascension,  which  show  a  well-marked 
annual  period.  This  arises  mainly  from  the  errors  of 
Hansen's  elements,  especially  of  the  longitude  of  the 
perigee.  I  have  therefore  computed  the  reduction  from 
Hansen's  tables  of  the  Sun  to  my  new  tallies  with  the 
view  of  deriving  the  results  from  a  comparison  with  the 
latter.  This  reduction  was  found  by  a  comparison  of  the 
Sun's  positions  in  the  American  Ephemeris  for  1898,  L899 
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and  1900,  with  those  in  the  British  Nautical  Almanac, 
wherebj  the  reduction  is  found  through,  the  intermediary 
of  the  ephemeris  from  LeVerrier's  tables. 

From  the  nature  of  the  case  the  changes  in  the  instru- 
ment need  not  give  rise  to  question  in  the  case  of  the 
right-ascensions.  The  reduction  of  the  corrections  to  the 
new  tables  is  as  follows : 


Ja 

Ob.     11. 

\      II.  Ob.     v 

Jan. 

069 

.063 

I 

.054 

■   i       .060 

M     :■ 

.073 

+  .012   -.085 

A  pr. 

-.045 

1  .032   -.077 

Ob. 


Ju 

-II.  \. 


-II.  Ob.— X. 


M,,\     •  .028    K070       .042 
i  004    +.101    -.097 


July  +.033  +.098  -.065 

An-   -.004  +.083  -.087 

Sept.  +.011  +.056  -.045 

Oct.    —.032  +.016  -.048 

Nov.  -.050  -.020  -.030 

Dec        .070  -.026  -.044 


Mean  for  the  year:      /E.A.  =  -0-.062. 

Tlii  i  shows  that,  assuming  the  tabular 

longitude  of  the  Sun,  wbich  is  based  on  many  thousand 
observations  from  L750  to  1892,  to  be  correct,  the  right- 
ascensions  of  the  tar  used  in  the  reductions,  which  are 
those  o  I      rican  Ephem  oo  small  by  0".062. 

Bui  we  have  also  to  inquire  what  correction  to  tbe  abso- 
lute mean  longitude  of  the  Sun  is  given  by  the  observations 

in  declination.     To  gel  I    result    requires    that    the 

observations  shall  be  homogeneous,  because  the  result  de- 
pends on  tin  "i!  of  observations  made  at  opposite 
seasons.-  The  observations  during  the  last  half  of  L899 
were  made  with  a  different  instrument,  and  the  large  posi- 
tive residuals  for  the  last  three  months  give  rise  to  the 
suspicion  of  some  systematic  difference  between  tbe  two 
instruments.  1  have  therefore  taken  another  set  of  means 
in  which  tbese  observations  are  omitted.  The  mean  monthly 
then  become  as  shown  in  the  following  table. 


J  .  Decl. 

Ob.— H. 

X.  — II. 

a    v 

Wt. 

COS  a 

shiu 

Jan. 

-0\02 

+  0"03 

-0.05 

.'! 

+  0.42 

-0.91 

Feb. 

0.70 

+0.13 

-0.83 

2 

+  0.82 

-0.57 

Mar. 

-0.37 

+  0.13 

-0.50 

o 

+  1.00 

-0.09 

Apr. 

+  0.03 

+  H.17 

-0.14 

t 

+  0.91 

+  0.42 

Ma;. 

+0.71 

+0.25 

+  0.46 

:; 

+0.57 

+  0.82 

J 

+  H.7I 

+  0.07 

+0.67 

3 

+  0.00 

+  1.00 

July 

•  0.69 

0.26 

+  0.95 

3 

-O.fl' 

+  O.01 

\  i 

+0.22 

0.32 

+  0.54 

4 

0.82 

+  0.7,7 

-0.19 

0.29 

+0.10 

3 

-1.00 

+  0.09 

Oct. 

+  n.(i7 

i 

+0.13 

1 

—0.91 

-  0.42 

+0.10 

HO.15 

3 

-0.57 

-0.82 

1 1 

1-0.35 

1  0.02 

+0.33 

3 

-0.09 

-1.00 

Putting    l\  the  correction  to  the  Sun's  absolute  right- 
ion  : 

x   =   sin  t  IX  ; 

U  =  correction  to  obliquity ; 

.-.•  =r  '  ror  of  all  the  observed  declinations; 


each  monthly  mean  correction  gives  rise  to  the  equation  of 

condition 

.'■  cus  «  +  ,  /t  sili  ,'.  +  .V  =  JS 

The  normal   equations   formed   from    these   conditional 
equations  arc 

18.70a    +   0.87 Jt   -  2.64a    =    -6.05 

o.s7      4-  is.  lo        +   1.23      =    +6.37 
-2.64      +   1.23        +37.00      =    +7.29 

The  solution  of  these  equations  gives 

x   =    -o'..",2 
U  =    +0.35 

Z    =     +O.10 

Had  the  Pulkowa  refractions  been  used  the  correction  to 
the  obliquity  would  be 

U  =    +0".35  -0".12  =    +0".23 

a  result  which  affords  an  index  to  the  probable  systematic 
error  of  the  declinations. 

From  the  value  of  x  we  have 


Corr.  to  O's  absolute  li.A. 


-0".80 


-0a.053. 


The  annual  discussions  of  the  Greenwich  observations, 
since  1892,  when  the  corrections  are  reduced  to  the  system 
Nlf  give  the  following  values  of  the  corrections  JE  to  the 
system  of  right-ascensions  .Y, : 

L893     +0.04] 

94  -0.007 

95  -0.02:; 

96  -O.oll 

97  +ool:: 

98  +0.032 

99  -0.00:1 


Mean  +0.005 

AVe  thus  have  the  following  corrections  to  the  right- 
ascensions  of  the  system  in  question. 

From  Washington  observations,  1894  to  1899,  assuming 

the  Sun's  tabular  mean  right-ascension  to  be  correct. 

//■;   =    +0S.062 

From    the    same,    correcting   the    Sun's    tabular    right- 
ascension  by  the  observations  in  declination 

//.'   =    +0S.009 

From  Greenwich  observations,  1893-99, 

//:  =  +os.oo.-> 

We  conclude  that,  so  far  as  the  evidence  goes,  the  right- 

.1   c hi  question  are  too  small  by  an  amount  of  which 

1  In   most  probable  value  maj  be  se1  at  +0".02  or  +os.03. 
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COMET  cl  1901. 


[From  Riti  hib's  Seii  net  Obsi 
A  message  received  on  April  26,  via  Harvard  I 
Observatory,  announced  the  discovery  of  a  very  bright 
comet  by  Holk  of  Queenstown,  on  A  [nil  23,  giving  also  a 
position  secured  at  the  Cape  of  Good  Hope,  on  April  24. 
An  independent  discovery  message  was  also  received  from 
Arequipa,  without  date,  but  presumably  May  2,  with  the 
rough  position,  11"  35m,  R.A.  Sh  30m,  Decl.  South  1°.  On 
May  8,  two  other  Cape  positions  were  received,  together 
with  the  description,  "Circular  nebulosity  greater  than  1 ' 
in  diameter,  and  brighter  than  3d  magnitude,  with  well- 
defined  nucleus,  and  a  tail  longer  than  2°."  On  May  lit 
an  orbit  was  received,  which  was  computed  by  Dr.  Kb:  i  i 
of  Kiel,  from  the  three  Cape  positions.  The  various  data 
are  here  given  : 

Positions. 

R.A.  Decl.  Observers 


i  H-eenw.  M.T. 

190] 

April  24.712 
3.2115 

1.21X7 


1  Mi i     4. 
3    in  32.4 
:;  54  29.2 


+  3  27  <) 
-0  33  49 
-0   is  27 


Tape 
i  ape 

1 


m  r,  Spt  cial  <  'ircular  Vo.  ISO.] 

Elements. 

T  =  1901  April  24.22  Gr.  M.T. 

„,  =  202  50  ) 

Q  =  109  .">7   -  Mean  Eq.  1901.0 

i  =  131  26  ) 

2    =  0.2441". 


Ephemeris. 


Or.  Midnight 

Kill 

May  12 
1(5 
20 
24 


R.A. 

h       m        3 

5  18  16 

5  44     4 

6  I    12 

C,  2(»  24 


Decl. 

+  2  4.". 

4  8 

5  21 

+  6  23 


Light  April  24  =  1. 


Light 

n.11 


0.03 


For  detailed  ephemeris  see  p.  1-44. 


XOTE   OX   THE   INTERPOLATION  OF  LOGARITHMS, 

By  HERMAN   S.  DAVIS. 

interpolation  between  the  tabulated  logarithms,  and  greater 
speed  than  by  the  conversion  of  the  logarithms  into  num- 
bers, and  their  reversion  to  logarithms  after  interpolation, 
the  following  table  was  devised  : 


The  writer  recently  had  need  to  make  more  than  ten 
thousand  interpolations  between  numbers  whose  logarithms 
were  tabulated  for  equidistant  arguments.  As  greater  ac 
curacy  was  desired   than   could   be  secured   from  a  linear 


For  Linear  Interpolation  of  Numbers  whose  Logarithms    lri    Given. 


Arguments     M 

and     DIFFERENCE     betwe 

:n  the  loga 

RITHMS. 

Tabular  quantity 

IS     Q 

M 
.02 

.O1000 

.O3000 

.03000 

.04000 

.O5000 

.06000 

.O7000 

.08000 

.O9000 

0 

00 

01 

0  2 

04 

0  6 

08 

1  2 

1  5 

20 

25 

.04 

0  0 

0  2 

i)  4 

n  7 

1  1 

1  7 

2  .*! 

3  0 

3  8 

1  7 

.07 

0  1 

0  3 

o  7 

1  2 

1  '.i 

2  S 

:;  s 

5  1 

6  1 

8  (1 

.10 

0  1 

0  4 

1  0 

1  7 

2  7 

3  0 

7)  3 

7  0 

s  0 

11  0 

.15 

0  1 

it  6 

1  3 

2  4 

3  s 

5  5 

7  5 

'.I  s 

1 2  5 

1 5  5 

.20 

02 

0  7 

1  7 

:;  (i 

1  7 

6  8 

'.i  3 

12  2 

15  5 

lo  :; 

.2.-) 

0  2 

0  0 

2  0 

3  5 

.1  .1 

7  0 

10  0 

14  2 

IS  1 

22  4 

.30 

02 

1  0 

2  2 

:; '.» 

6  1 

s  ;i 

12  1 

17,  S 

2ii   1 

2  1   '.I 

.40 

03 

1 1 

■>   K 

4  4 

7  i» 

111   II 

l.'i  7 

17  9 

22  7 

28  H 

.50 

0  3 

1  2 

2  6 

1  Ii 

7  2 

10  4 

14  1 

IS  4 

23  3 

28  7 

.60 

0  3 

1  1 

2  .". 

4  4 

c  \) 

9  8 

i:;  l 

17   1 

22  ll 

27  2 

.70 

0  2 

1  n 

•  j  •> 

3  8 

6  ii 

s  :, 

n  ii 

15  1 

10  II 

23  i 

.75 

(►2 

0  0 

10 

3  4 

7)  3 

7  (» 

10  3 

13  4 

10  0 

20  7 

.so 

0  2 

0  7 

1  (> 

2  '.I 

i  :, 

6  4 

S  7 

11  4 

1 4  .". 

17  6 

.85 

0  1 

0  6 

1  3 

2  .'1 

;;  6 

5  1 

6  9 

9  0 

11  3 

13  '.» 

.00 

0  1 

0  4 

0  0 

16 

2  .1 

3  6 

4  9 

0  3 

7  9 

0  7 

.93 

0  1 

n  :: 

n  7 

1  2 

1  s 

2  6 

.' !  5 

4  H 

5  i 

7  0 

.00 

(i  (i 

ii  2 

o  4 

0  7 

1  1 

1  .-, 

2   1 

•  •  - 

::  1 

4  1 

.OS 

0  0 

0  1 

ii  2 

n   1 

n  .-. 

H  s 

1  1 

1  4 

1  7 

2  1 

I  1! 
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This  is  bo  be  used  in  accordance  with  the  formula: 

i-  ■-  ;  ■ .  ■  M  j         Log  ttj+  ;m  (log  aa-  log  -v  :  Qj 

where     Q  jM,  i     ■  ■;     and  is  practically  in- 

og  irately.      Q    is   alwaj  s 

nega1  i ;  e,  Q  urusl  be  taken 

the  table  with  the  argument     1      M     instead  of  M. 

',>  ma\   be  compul  iralues  oi    the  arguments  of 

which  it   is  a  function,  bul   is  here  tabulated  for  use  with 

thms  of  five  decimals   or  less,  and   is  expressed   in 


units  of  the  fifth  decimal,  for  differences  of  logarithms  up 
to  0.10000. 

For  illust ration  : 

i  ase  I  Case  1 1 

Given,  to  the  argumenl       n,  log«i  =  9.74983      9.83983 
and  to  the  argumenl        ra  +  10,  loga2  =  9.83983      9.74983 
Find  log  "  for     n  +  2.50     in  each  case. 

(log'^-loi;-,,,)    is    +0.09000  -0.09000 

M  =  fracth f  total  interval  =     0.25  and  1  — M  =  0.75 

Q  =       .0018]  .00169 

Hence  by  formula,        loga=     9.77414     and     9.81902 
respect  ively. 


udt    Observatory,  Gaithersburg,   Maryland,   U.S.A. 


EPHEMERIS   OF   COMET  cl  1901. 


(Computed  from  Ivuei 

K'.'l    ATOKl  \l.    <  lOORDINATES. 

x  -  r  [9.85094]  sin  (174  5.3+w) 
y  =  r  [9.93810]  sin  (298  52.4+v) 
z  =   r [9.93599]  sin  (228  31.4+v) 

I'.iin  mi  ins  foe  Greenwich   Midnight. 


a 

0 

log*. 

Brightness 

May   20.5 

6 

1         III         s 

1    12 

+  ,-. 

21 

0.130 

0.053 

21.5 

8  :;i 

37 

22.5 

12   15 

5 

53 

23.5 

16   11 

6 

8 

24.5 

I'm  24 

23 

tt.170 

0.035 

25.5 

24     0 

36 

26.5 

27  26 

6 

49 

27.5 

30   12 

7 

1 

28.5 

33   19 

l.'i 

0.206 

0.024 

29.5 

36  50 

24 

30.5 

39    15 

35 

31.5 

6 

[2  32 

+  7 

15 

T/.'s  Elements,  p. 

143 

) 

1901 

u 

S 

log  A 

Brightness 

June     1.5 

6 

15    14 

+  7 

55 

0.239 

0.018 

2  5 

47  51 

8 

5 

3.5 

50  24 

14 

1.5 

7.1'   7.1 

23 

5.."i 

r>r>  14 

31 

0.269 

it. IH7 

6.5 

57  30 

39 

7..") 

6 

59  48 

17 

8.5 

7 

1  55 

8 

84 

9.5 

7 

4     4 

+  9 

1 

0.291 

O.IH7 

Brightness  April  24  =  1.000. 

An  observation  at  the  Lick  Observatory  by  Mr.  Aitken 
on  .May  15,  namely, 

1901  May  15.6668  G.M.T.,  a  =  5h38m25".8,  S  =+3°  52'  1 2" 

gives  the  approximate  correction  to  the  above  ephemeris, 
for  thai  date,  (O-  C), 


la  =  +47 


M  =   -1'. 


C  O  X  T  E  X  1  S  . 
on  Variable  Stab — No.  35,  r.\   Henry  M.  Parkhuust. 

I'i i:  win'    Observations  of  Minos  Planets,  ni    II.   K.  Palmer. 

Position  of  hie  Equinox    \\n  mi    Values  oi    bk  Elements  Derived  from  Recent  Greenwich  a.nd  Washington 

Observations  oi    im   St  v  «\   Simon  Newcomb. 
Comi  i   a  1901. 

Note  on   im    Interpolation  oi    Logarithms,  ni    Herman  S.  Davis. 
Ephemeris  oi    i i  1901. 
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MERIDIAN-OBSERVATIONS    AT   ALBANY    IN    1897-8   AND 
TO   SYSTEMS   OF  STANDARD   STARS, 

By  LEWIS    BOSS. 


THEIR    RELATION 


Previous  to  the  removal  of  the  Dudley  Observatory  to 
its  present  site  in  1893  some  progress  had  been  made  in 
the  observation  of  stars  in  the  region  —20°  to  —40°  of 
declination.  The  work  was  actively  resumed  at  the  new 
observatory  in  1896.  The  places  of  about  S000  of  the 
brighter  stars,  mostly  within  the  limits  —22°  to  —  37°  of 
declination,  have  been  observed,  and  the  reductions  for 
these  (and  for  about  3000  other  stars)  are  in  a  forward 
state.  The  observations  were  designed  to  be  differential. 
But  it  was  foreseen  that  a  difficulty  would  arise  in  apply- 
ing this  method  in  a  region  so  far  south.  There  were  very 
few  standard  stars  within  that  zone  whose  positions  are 
known  to  a  degree  of  accuracy  comparable  with  those 
further  north.  Furthermore,  even  if  a  new  discussion  of 
standard  star-positions  in  that  region  were  undertaken,  it 
was  evident  that  some  doubt  might  arise  whether  the  sys- 
tem so  derived  might  not  be  essentially  discontinuous 
somewhere  about  declination  —25°.  It  became  desirable 
to  devise  some  method  by  which  clock-corrections  and 
equator-points  derived  from  Northern  Standards  might 
harmonize  with  those  derived  from  standard  stars  within  the 
zone  under  consideration.  It  was  desirable  that  this  should 
be  accomplished  without  doing  great  violence  to  tin'  direct 
testimony  of  the  Albany  Meridian-Circle.  Accordingly,  in 
parts  of  1897  and  lS'.iS,  observations  were  made  upon  a 
small  list  of  the  principal  standard  stars  in  conjunction 
with  the  systematic  observation  of  nearly  500  stars  within 
the  limits  of  the  zone  in  question.  These  500  stars  are  to 
serve  in  their  turn  as  the  standards  for  a  strictly  differen- 
tial process  of  reduction.  In  this  work  it  was  also  thought 
that  useful  hints  might  be  gained  for  the  more  strictly 
fundamental  observations  to  be  undertaken  later. 


Right-Ascension.  Fundamentally,  the  polar  deviation 
of  the  instrument  in  R.A.  was  based  on  successive  transits 
of  Polaris.  There  were  but  16  of  these,  and  the  apparent 
probable  error  of  the  resulting  E.A.  is  ±08.18.  The  right- 
ascensions  of  8  Urs.  Min.  and  of  a  few  other  circumpolars 
were  derived  only  from  nights  on  which  the  polar  devia- 
tion, n,  could  be  ascertained  from  Polaris.  For  determi- 
nation of  clock-correction  66  stars  were  selected,  of  which 
the  northernmost  is  a  Lyrae,  and  the  southernmost,  a  Colum- 
bae.  The  adopted  right-ascensions  of  these  stars  were 
derived  essentially  in  the  following  manner  :  The  mean 
was  taken  between  the  right-ascensions  derived  from  the 
Catalogue  of  Auweks  (A.N.  3508-9)  and  Nkwcomb's  latest 
Catalogue  for  1901),  A„.  The  E.A.  of  Atjwers  first  re- 
ceived the  correction  +  08.029  to  reduce  it  to  the  equinox 
of  Newcomb,  N1.  After  approximations  these  means  re- 
ceived systematic  corrections  indicated  in  the  following 
table. 


Corr. 


Corr. 


+  40 

-0.062 

0 

+  0.008 

+  :;o 

-OJU7 

-10 

+  0.015 

+  20 

—0.028 

—  20 

+  0.037 

+  10 

—0.000 

-30 

+  0.060 

These  corrections  applied,  it  made  practically  no  difference 
in  what  declination  the  time-stars  were  found ;  all,  from  north 
to  south,  gave  systematically  the  same  clock-correcl  tons. 

Following  are  right-ascensions  of  polar  stars  determined 
by  observation  with  the  Albany  instrument  and  compared 
with  the  standard  catalogues  of  Newcomb  and  Auwees 
respectively.  All  depend  upon  theobserved  right-ascension 
of  Polaris.  The  final  column  shows  how  many  times  each 
R.A,  was  eventually  used  in  the  determination  of  n. 


R.A.  1900 

Xo.  Obs. 

Corrections  to 
X:            A 

Same  X  cos  8 
Nt            A 

Times  used 

Pola  ris 

1  22  32.92 

16 

-0.27   -0.50 

-0.006   -0.011 

108 

51  Cephei 

6  53  13.93 

13 

-0.06   -0.38 

-0.003  -0.019 

16 

1(H)  Brae. 

0  22  51.29 

10 

+  0.04   +0.15 

+  0.001    +0.021 

17 

9  (H)  Drac. 

lo  26  36.30 

5 

-0.01     +0.00 

0.000   +0.014 

7 

t  Urs.  Miu. 

16  56  12.11 

5 

-0.11    -0.00 

_ 0.01 5   -0.008 

6 

8  Urs.  Min. 

18     4  32.47 

32 

-0.25    -0.25 

-0.015  -0.015 

59 

76  (F)  Drac. 

20    19  50.73 

4 

+  0.16   +0.20 

+  0.021    +0.027 

5 

Correction  of  .Y,,      — 

0».0071  se 

:  8      |      Correction  o: 

A      — 0-.00S4  sec  8 

(145) 
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The  ed  to  be  exceptionally  steadj .  the 

oi  n  I  i"  I-  aparl  showing,  as  a  rule,  differences 
entirely  comparable  with  those  which  might  have  been 
anticipated  from  the  probable  errors  of  determination. 
The  values  of  a  exhibit  a  well  marked  annual  period.  The 
collimations  were  determined  by  reversal  over  a  basin  of 
mercury,  am  umed  to  depend  upon  the  tempera- 

the  coefficient  found  here  being  exactly  that  found 
at  the  (  itorj      The  collimation  was  determined  a 

few  times  by  reversal  on  Polaris  and  on  the  collimators. 
The  systematic  differences  were  small,  but  not  sufficiently 
well  determined  to  admit  of  adoption.  The  instrument 
has  not  yet  been  well  investigated  for  errors  arising  from 
possible  irregularities  in  the  pivots.  Levellings  at  the  old 
observatory  indicated  that  such  effects  are  small. 

The  computations,  as  yet,  have  been  carried  only  so  far 
as  was  necessarj  to  ascertain  the  most  probable  results  for 
right-ascension  when  the  observations  are  treated  to  be 
fundamental  as  to  Ja6.  The  difference.  West -East, 
affords  some  test  as  to  the  probability  that  the  instrument 
desi  ribes  a  I  rue  meridian. 

Table  of  Differences,  W.-E. 


8 

Wt. 

W.-E. 

s 

Wt. 

W.-E. 

-1-68 

5 

+  OL08 

—  5 

40 

-o!oo9 

:.l 

10 

+  0.10 

16 

37 

-0.008 

41 

13 

-0.02 

24 

58 

-0.022 

30 

40 

-0.022 

29 

04 

-0.022 

2 1 

32 

+  0.013 

35 

i:; 

-0.019 

12 

58 

+  0.000 

-40 

50 

-0.013 

+  6 

29 

+  0.013 

As  will  be  observed,  the  weights  north  of  +30°  are  very 
small;  the  unit  of  weight  is  approximately  that  of  one 
observation.  There  appears  to,  be  nothing  in  these  num- 
bers to  throw  serious  doubt  upon  the  values  of  right- 
ascensions  derived  from  the  mean  of  the  East  and  West 
positions,  especially  since  errors  of  collimation,  as  well  as 
some  others,  tend  to  elimination  in  such  means. 

From  observations  north  of  —21°  the  casual  probable 
error  of  a  single  K.A.  is  found  to  be  ±0'.()27  sec  6 ;  and 
from  those  south  of  —21°  it  is  ±0".031  sec  8.  From  vari- 
ous considerations,  including  comparison  with  standard 
0ns  of  known  weight,  the  probable  systematic 
error  for  one  [>< .^iri. .n  seems  to  be  about  ±0'.010.  Tables 
.11  constructed  accordingly.  When  the 
observations  shall  have  been  treated  in  a  purely  different  ml 
manner  it  is  appai  tal   probable  errors  will 

be  much  smaller. 

Comparing,  now,  the  deduced  right-ascensions  with  the 
Catalogues  of  Newcomb  iN_i  and    \i  »i  bs,  we  have: 


Comparison  of  Albany  with  Newcomb  and  Auwers. 
8  Wt.         Alb.— N2  Wt.  Alb.— A 


+  87 

90 

-0.14 

90 

-0.15 

07 

10 

-0.09 

10 

-0.03 

53 

21 

-0.051 

21 

-0.033 

42 

22 

-0.059 

22 

-0.042 

30 

51 

-0.033 

44 

-0.031 

21 

.•;.-, 

-0.O22 

32 

-0.005 

12 

67 

-0.003, 

64 

+  O.020 

+  0 

40 ' 

+  0.006* 

40 

+  0.040 

—  5 

56 

+  0.007 

7.0 

+  0.039 

it; 

35 

+  0.027. 

27 

+  0.049 

24 

20 

+  0.049 

67 

+  0.084 

20 

24 

+  0.055 

02 

1-0.094 

.•;.-. 

42 

+  0.079 

-39 

40 

+  0.102 

To  the  numbers  in  the  column,  "Alb. —  A,"  may  be  added 
—  08.029  to  make  them  comparable  with  those  of  the 
column  "Alb.  —  N„." 

Comparison  has  also  been  made  with  my  Catalogue  of 
Southern  Standard  Stars,  B„,  with  the  following  results: 


8 

Wt. 

All.— 13, 

-24 

67 

+  0.070 

-29 

02 

+  0.074 

—  35 

42 

+  0.056 

-39 

44 

+  0.070 

When  these  numbers  are  compared  with  others  of  recent 
epochs  obtained  through  the  use  of  reversible  instruments 
they  seem  to  require  a  revision  of  my  right-ascensions  of 
southern  stars.  It  is  also  probable  that  the  differences, 
"Alb.  —  N2,"  between  declinations,  +20°  to  +60,  though 
they  may  be  largely  due  to  systematic  errors  affecting  the 
Albany  observations,  are  not  to  be  entirely  explained  in 
that  way.  In  that  region  Newcomb  finds  a  negative  cor- 
rection to  the  z/a,j  of  Auwers,  and  it  appears  probable  that 
this  correction  should  have  been  still  larger  in  the  same 
direction.  This  matter  will  shortly  receive  more  specific 
attention  at  this  observatory. 

Declinations.  The  circles  of  the  Olcott  Meridian  Circle 
have  been  thoroughly  investigated  for  flexure  and  errors  of 
graduation  {A.J.  382-3).  The  flexure  of  the  telescope  has 
been  measured  repeatedly  with  care  by  the  method  of  oppos- 
ing collimators.  These  collimators  are  very  small  in  rela- 
tion to  the  instrument.  In  their  use  up  to  this  time  there 
is  reason  to  suspect  that  there  may  be  outstanding  errors 
due  to  unsymmetrical  illumination  of  the  threads  at  the 
foci,  though  there  is  no  proof  that  such  errors  exist.  The 
zenith-distance  observations  throughout  the  year  were 
connected  together  1>\  observations  of  the  nadir  corrected 
for  Chandler's  variation  of  the  latitude.  In  1899  the 
zenith-distance  micrometer  gave  out  completely  (from  the 
disintegration  <>l  the  threads  of  the  female  screw  ).  and  a 
new  micrometer  of  different  construction  has  been  applied. 
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It  is  probable  that  serious  deterioration  of  this  micrometer 
occurred  as  early  as  November,  1897.  This  would  impair 
the  determination  of  latitude,  but  would  have  no  marked 
effect  on  the  observed  declinations  which  are,  in  a  broad 
sense,  differential.  The  problem  proposed  was  this  :  Given 
the  system  of  declinations,  Bi  and  B„,  what  value  of  the 
refraction  constant  will  produce  the  best  representation  of 
these  predicted  declinations  by  the  observed  declinations 
from  the  Albany  circle,  the  instrumental  corrections  hav- 
ing been  determined  as  for  a  fundamental  research.  The 
refractions  were  not  to  be  determined  from  circumpolar 
observations,  but  by  means  of  assumed  places  of  the  stars. 
It  is  not  necessary  for  the  present  purpose  to  enter  into  an 
explanation  of  the  computing  devices  by  which  the  final 
declinations  were  reached.  It  is  sufficient  to  state  that  the 
declinations,  as  they  finally  stand,  depend  for  the  constant 
equator-point  upon  the  adopted  standard  declinations, 
Bx  and  B2,  that  the  Pulkowa  refractions  multiplied  by 
1 .00074  were  applied  to  the  zenith-distances,  and  that, 
otherwise,  the  instrumental  corrections  were  determined 
as  for  a  fundamental  research. 

A  test  of  the  performance  of  the  instrument  can  be 
derived  by  comparing  declinations  obtained  when  the  clamp 
was  West  with  those  from  clamp  East;  and  this  for  each 
of  the  circles  A  and  B.  When  the  zenith-distances  are 
formed  directly  from  the  nadir-observations,  corrected 
for  the  refractions  described  in  the  preceding  paragraph, 
and  converted  into  declinations  by  the  employment  of 
latitude,  +42°  39'  12".61,  the  comparison  of  the  results 
from  the  two  positions  of  each  circle  lead  to  the  following 
statement,  condensed  from  the  original. 


W.-K. 

in  Decl. 

z 

Circle  A 

Circle  B 

317 

+  0.01 

-0.38 

8 

-0.12 

-0.51 

38 

-0.07 

-0.21 

70 

-0.03 

-0.24 

The  constant  difference  for  Circle  A  is  —  0".07,  and  for 
Circle  B  is  — 0".29.  The  nature  of  the  individual  results 
from  which  the  foregoing  were  derived  lends  no  support 
to  the  hypothesis  that  there  is  a  marked  variation,  W.-E., 
in  the  different  declinations.  A  term  of  correction  due  to 
flexure  of  the  telescope  and  of  the  form,  /;  cos  -.-,  might  be 
admitted,  but  it  is  unlikely  that  the  coefficient  b  could  be 
so  large  as  0".l.  When  the  latitudes  for  each  day  arc  col- 
lected and  combined  in  weighted  means  we  have  for  the 
seconds  of  latitude, 


rcle 

1'osition 

<f 

A 

E 

12.66 

A 

W 

12.63 

B 

E 

12.69 

B 

W 

12.29 

Considering  all  the  available  testimony  it  appears  un- 
likely that  the  source  of  the  discrepancy  in  the  value  of  q 
from  B.  W.,  is  to  be  found  in  any  defect  of  the  adopted  in- 
strumental corrections.  Indeed,  not  much  weight  should  be 
attached  to  the  discrepancy  itself  since  if  the  series  of 
determinations  which  make  up  B.  W.  be  divided  into  two 
sections,  we  have 


Before  Nov.  1,  '97         28 
After    Nov.  1,  '97         16 


12.55 
11.85 


It  is  probable  that  there  was  some  defect  in  the  determi- 
nation of  nadir-correction  after  Nov.  1.  Whatever  the 
source  of  the  error  it  does  not  seriously  affect  the  observa- 
tions treated  as  differential. 

The  equator-points  for  the  final  declinations  were  de- 
termined from  the  predicted  positions  of  the  standard 
stars.  When  the  quantities,  W.-E.,  are  formed  in  con- 
venient groups  we  have 


Declination, 

W.-E. 

s 

Wl. 

A 

Wt. 

B 

+  90° 

8 

+  0T1 

8 

+0\48 

63 

5 

-0.46 

7 

-0.24 

37 

4 

+  0.21 

4 

+  0.04 

28 

9 

-0.03 

11 

+  0.20 

16 

15 

+  0.16 

16 

-0.21 

+  8 

15 

-0.12 

14 

+  0.19 

-  6 

11 

-0.16 

11 

-0.01 

15 

9 

-0.04 

7 

-0.29 

24 

45 

-0.02 

45 

-0.13 

29 

26 

+  0.04 

26 

+  0.04 

34 

25 

+  0.03 

25 

-0.09 

-39 

5 

-0.30 

4 

-0.48 

The  rather  anomalous  result  at  the  pole  for  Circle  B  de- 
pends upon  five  stars  only,  and  may  be  due  in  large  part  to 
an  unlucky  concurrence  of  local  errors  of  graduation. 
From  consideration  of  the  numbers  in  general  it  can  be 
assumed  that  there  is  no  term  of  importance  depending  on 
uncorrected  error  of  telescope-flexure  of  the  form  b  cos  s. 
There  is  also  small  evidence  of  outstanding  errors  of  grad- 
uation, or  of  flexure  of  the  circles. 

Next,  I  compare  the  definitive  observed  declinations 
with  Bl  and  B„  over  a  range  of  declination  from  +90°  to 
—  42°.  For  convenience  the  results  are  combined  in  groups. 
Column  I  exhibits  the  results  from  the  direct  comparison, 
the  adopted  refraction  being:  (Pulkowa)  X  (1.00074).  The 
adopted  flexure  of  the  telescope  was  +1".16  sins.  If 
+ 1".46  sin  z  had  been  adopted  instead  of  that ;  if  the 
refractions  had  been,  (Pulkowa)  X  (0.99946),  diminished 
instead  of  increased ;  and  if  the  adopted  value  of  the  lati- 
tude had  been  increased  by  +0".04  ;  then  we  should  have 
had  the  numbers  in  column  II.  Both  columns  are  in  the 
sense  of  corrections  of  the  standard  declinations. 


1  IS 


THE     A  ST  RO  N  DM  ICAL     JOUKNAL. 


N°-  499 


Declinations  Compared  with  Standard,    i  Obs'd—  B). 

8      Wt.  i  II  8     Wt.  i  11 


15 

24 


90 

4 

0.30 

-0.11 

1 1 

1 

0.16 

+0.01 

60 

1 

0.10 

0.00 

IS 

•) 

•  0.23 

•  0.29 

« 

■  > 

+  0.03 

+0.01 

27 

5 

+  0.11 

f0.09 

16 

6 

0.01 

u  07 

8 

7 

• 

0.00 

.~i 

+  0.01 

-0.09 

3 

+  0.17 

+  0.07 

."> 

+0.11 

+  0.04 

4 

+0.02 

-0.03 

3 

-0.04 

-0.02 

1 

-0.14 

-o.oo 

1 

-0.30 

-0.15 

0.5 

-0.06 

+  0.25 

to 


I  isual  probable  error  of  a  single  observation  for  stars 

north  of       20°  is   ±0".31;    for  -•-'.I0  it  is  ±0".44,  and  at 
n>    it  is  ±1".:::;.     The  constant,  or  systematic  error,  ap- 
fco    be   very   exactly    ±0".12    for   a  single    position. 
The  casual  error  will  be  made  smaller  when  the  observa- 
tions  are    treated   as    strictly    differential.     The    probable 


error    of    the    unit    of    weight     in     the    foregoing     table    is 

+  11".  10. 

The  supposition  that  the  adopted  telescope-flexure  could 

be  in  error  so  much  as  0".3,  though  not  unreasonable,  is 

rather  unlikely.     All  things  considered  it  is  clear  that  the 

■•  Declinations  of  Fixed  stars"  and  its  Southern  extension, 

I.  J.  lis    150,  is  consistent  with  the  declinations  observed 

at  Alban\.  This  evidence  is  of  some  value;  for  if  the 
systems  of  the  predicted  and  observed  declinations  respec- 
tively were,  either  of  them,  affected  by  serious  irregu- 
larities, they  could  not  be  so  well  reconciled  through  an  arc 
of  130°  by  a  simple  and  probable  assumption  regarding  the 
refraction.  Evidence  is  accumulating  that  the  standard 
declinations  in  question,  Bl}  represent,  with  good  approxi- 
mation, the  whole  course  of  observation  throughout  the 
nineteenth  century. 


PHOTOMETKIC   OBSERVATIONS   OF   EROS, 

B  Y    II  E  X  E  Y    M 


The  remarkable  circumstances  attending  the  late  opposi- 
tion of  Eros  made  it  desirable  that  special  attention  should 
be   paid  to   observing  it  photometrically,  determining  its 
constants   of  brightness   and   their  law.    reducing  its  con- 
S(  nits  to  the  asteroid  basis  |  A.J.  I II  i,  and  obtaining  with 
roups  of  comparison-stars  along  its  path 
- ■bility.      My    photometric    observations,  382   double 
.  ions,  continued  from  September  13  to  March  22,  the 
firsl  and  the  last  available  date.  In  the  early  observations  the 
identification  consisted  in  the  absence  of  the  observed  star 
in    the  photographs  of   the   region,  kindly  furnished   me  by 
Prof.  Pickering,  confirmed  by  its  absence  on  subsequent 
evenings.      In  the  later  observations  the  identification  in- 
,    the  change  of   position  of  the   observed    star  during 
the  observations  of  the  evening.     On  two  dates,  although 
/  was   fully    identified,   it    was   evident  that  the    result 

was  affected  by  cloudiness,  and  those  two  observations 
were  rejected.  Eros  was  compared  with  a  large  number  of 
standards,  including  four  other  asteroids. 

The  main  objects  sought  were  the  precise  values  of  the 

■ii      determining  the   brightness.      In    the   Annals   of 

the  II  a    ard  I  >b  ervatory (Vol.  Will  :  69;  and  Vol.  XXIX  : 

87  .  I  liave  jiven  tables  tending  to  show  that  the  quantity 

.    factor  ot  the  diminution  of   brightness  depending 

upon   the    phase   angle,  is   a  constant    within   the    limits   of 

the  eh  i  the  asteroids  which  had  then 

observed.     In    the  recent   opposition  the   change  oi 

angle  has  extended   from  28  .  the  maximum  before 

known,  to  58  ;  far  excei  ding  previous  experience. 

In  my  plan   of  operations  I    did   not    overlook    the  possi- 
bility of    error  from  rotation    and   consequent  changes  of 


i'ai;  k  ii  ukst. 
brightness;  but  took  special  pains  to  guard  against  the  pos- 
sibility of  error  in  m\  determinations  from  this  cause. 
Owing  to  the  interference  of  an  adjoining  building  on  the 
north,  and  owing  to  the  planet  passing  the  zenith,  where 
my  dome  did  not  permit  its  observation,  it  was  usually 
impossible  to  make  more  than  one  series  of  observations  in 
an  evening,  or  to  vary  or  to  accurately  predict  the  hours  of 
observation.  The  changes  of  the  sky  during  each  series 
of  observations,  were  necessarily  obtained  from  Evos  itself, 
using  the  mean  brightness  of  Eros,  and  trusting  to  the 
balancing  out  of  the  errors  from  rotation.  As  an  addi- 
tional safeguard  Eros  was  given  due  weight  in  determining 
the  sky  value,  any  change  occurring  in  Eros  itself  extend- 
ing over  the  times  of  the  neighboring  observations. 

Even  after  the  publication  of  the  discovery  of  the  rapid 
rotation  and  of  the  large  variation  in  brightness,  I  could  not 
investigate  the  question  or  vary  my  plan  without  serious 
interruption  of  my  main  work.  Fortunately  these  ques- 
tions do  not  need  corroboration  from  me;  it  is  sufficient,  to 
say  that  thorough  examination  of  my  observations  has  con- 
firmed the  variation  in  brightness,  and  the  great  changes 
in  its  extent,  as  well  as  the  remarkable  accuracy  of  the  first, 
determination  of  its  period,  and  has  demonstrated  that 
notwithstanding  these  facts,  no  appreciable  change  is  re- 
quired in  the  reduction  of  the  observations  according  to 
my  original  plan.  Indeed,  the  substitution  of  a  regular 
known  cause  for  the  irregularities  which  I  had  necessarily 
attributed  to  unknown  variations  ,,1'  the  sky,  has  given  me 
greater  confidence  in  the  practical  reliability  of  my  obser- 
vations and  the  accuracy  Of  ray    final  reduction. 

The  constants  obtained    from  ray  final  revision  after  the 
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conclusion  of  the  observations,  were:  G°  =  9". 78,  reducing 
both  distances  to  unity  ;  and  p  =  .037.  This  quantity  was 
computed  separately  for  three  principal  divisions  of  the 
phase  angle,  the  discrepancy  being  so  small  that  it  could 
be  attributed  to  errors  of  observation  or  to  inaccuracy  of 
the  comparison  stars;  for  an  average  inaccuracy  of  less 
than  —  0M.03  would  be  sufficient  to  produce  the  inaccuracy 
observed.  The  correction  /,  for  defect  of  illuminated  sur- 
face, depends  upon  the  square  of  the  phase  angle ;  and 
therefore,  if  it  is  merged  with  p,  as  may  be  safely  done 
with  other  asteroids,  it  would  produce  a  small  variation  of 
p  ;  but  before  the  observations  I  had  applied  that  correc- 
tion separately.  My  conclusion  is  that  p  is  a  constant,  even 
with  the  phase  angle  extended  to  58°. 

In  order  to  test  the  accuracy  of  the  different  caps  used 
in  my  observations,  I  reduced  the  observations  with  special 
reference  to  the  accuracy  of  the  scale  for  different  degrees 
of  brightness,  comparing  the  observed  magnitude  with  that 
computed  from  the  differences  in  the  distances.  The 
errors  were  too  small  to  be  further  noticed  than  by  saying 
that   I  made  the  minute  corrections  required  in  the  con- 


stants given  above,  carried  one  decimal  further  than  above 
stated. 

The  explanation  of  the  changes  of  brightness  is  not  ob- 
vious. A  spheroidal  form  seems  a  sufficient  explanation 
of  the  observations.  Whatever  the  explanation,  it  seems 
important  to  guard  against  the  danger  of  error  in  the  use 
of  such  asteroids  as  photometric  standards  ;  which  may  be 
done  in  two  ways;  first,  by  multiplying  the  observa 
of  the  asteroid  used  as  a  standard ;  and  second,  if  the 
period  of  rotation  can  be  ascertained,  by  making  the  obser- 
vations in  pairs  at  an  interval  equal  to  one-half  the  inter- 
val between  the  maxima,  so  that  the  errors  from  rotation 
may  counterbalance  each  other.  Recent  observations  of 
Vesta  demonstrate  that  there  is  at  present  no  appreciable 
fluctuation  in  its  brightness.  There  is  no  sufficient  reason 
for  suspecting  other  asteroids  of  such  changes.  Certainty 
can  only  be  reached  with  regard  to  any  particular  asteroid 
by7  alternate  frequent  comparison  with  standard  stars,  and 
by  repeating  this  process  after  a  sufficient  lapse  of  time 
for  the  direction  of  the  axis  of  rotation  with  regard  to  the 
earth  to  appreciably  change. 


OBSERVATIONS   OF  JSrOVA  PER  sin.   1901, 

By  PAUL   s.  YENDELL. 


I  observed  Anderson's  new  star  in  Perseus  on  twelve 
dates,  from  1901  Feb.  24  to  Mar.  19,  inclusive.  I  found  no 
opportunity  for  further  observations  from  the  latter  date 
until  early  in  May.  when  the  star  was  too  low  in  the  north- 
west for  useful  work- 
in  reducing  the  observations  the  scale  of  the  Harvard 
Photometry  has  been  used,  that  being  the  only  one  avail- 
able that  included  all  the  comparison-stars,  from  Eiffel, 
0".18  to  I  Persei,  5M.40. 

Dorchester,  Mass.,  1901  May  18. 


The  observed  magnitudes  are  as  follows: 


1901 

Mag. 

1901 

Mag. 

Feb.  24 

-0.08 

full  yellow 

Mar 

7 

2.77. 

25 

1.10 

a            « 

12 

3.38 

26 

1.42 

16 

3.76 

27 

2.13 

17 

.'i.71  full  orange 

28 

1.72 

19 

.-..lit 

Mar.    2 

2.23 

[orange 

6 

3.38 

strong  full 

Feb.  24-Mar.  6.  moonlight 


OBSERVATIONS   OF   COMET   cl  1901   AT   THE   CAPE   OF  OOOD   HOPE4. 


[Communicated  by  Prof.  Kreutz.] 


Greenw.  M.T. 

App.  a 

App.  N.P.D 

May    5.2178: 

01   29  2  1 

90     1  20 

0.2124 

64    48   43.5  : 

89    11    27 

7.2096 

67  36     3 

89   L9    I- 

11.2016 

76  •',!  40.5 

87  46   17) 

12.2:1(7 

78  54  31.5 

87  22  21 

13.2080 

80  39    10.5 

87     0  20 

The  (:)  numbers  are  obscure,  but  scarcely  to  be  interpreted 
otherwise. 


Elements   hv  Innes. 

Computed  from  May  3,  5  and  7. 

T  =   1901  April  24.24  Greenw.  M.T. 

a)   =   202°  58  ) 
8  =    110  10  -1901.0 
i  =   130  44  \ 

a    =   0.2425 
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SUNSPOT   OBSERVATIONS, 

MADE    A  I     BEHWTN,    ri  w,    \Mlll     \     H   l  \.  ll    REFRACTOR, 

V.\     \.  W.  Ql   [MB1  . 


['j  ]L|,- 

S.-m 

Total 

Far 

Def. 

1900 

Time 

\>'» 

Total 

Fai-. 

Del 

1900 

I'liui- 

>Ie\v  |      Total 

Fac. 

Def. 

■ 

Spol  - 

(.!-♦ 

■ 

ir.- 

— i  •  < .  t  ~ 

. 

3rs.  Gi-s. 

■>|M.t- 

Grs. 

Jan.     1 

9 

1 

1 

1 

fair 

Mar.    7 

1 

1 

8 

poor 

May    6 

8 

_ 

2 

12 

2 

faii- 

2 

s 

1 

1 

1 

fair 

8 

11 

_ 

1 

4 

_ 

poor 

7 

8 

_ 

1 

2 

2 

fair 

3 

11 

_ 

1 

good 

9 

1  1 

_ 

1 

7 

1 

fair 

8 

8 

- 

- 

- 

1 

faii- 

1 

8 

_ 

poor 

10 

11 

_ 

1 

5 

1 

faii- 

9 

6 

- 

- 

- 

- 

poor 

5 

10      - 

fair 

1  1 

9 

1 

2 

1 

fair 

10 

8 

_ 

- 

_ 

1 

faii- 

6 

3 

fair 

12 

8 

_ 

_ 

_ 

faii- 

11 

8 

_ 

- 

- 

1 

fair 

, 

9 

fair 

13 

8 

_ 

fair 

12 

4 

_ 

- 

_ 

1 

fail- 

8 

9 

fair 

1  1 

8 

_ 

_ 

_ 

1 

faii- 

13 

8 

_ 

- 

- 

- 

fair 

9 

11 

poor 

16 

8 

_ 

_ 

_ 

_ 

fair 

14 

8 

1 

1 

4 

- 

faii- 

10 

2 

_ 

_ 

poor 

17 

8 

_ 

_ 

_ 

1 

laii- 

15 

8 

_ 

1 

3 

- 

fair 

12 

10 

2 

2 

10 

1 

fair 

18 

9 

_ 

_ 

_ 

_ 

fair 

16 

8 

- 

- 

- 

1 

fair 

13 

9 

2 

22 

1 

tail- 

19 

8 

_ 

_ 

_ 

_ 

fair 

17 

12 

_ 

- 

- 

- 

poor 

1  1 

8 

_ 

2 

8 

_ 

poor 

20 

8 

_ 

_ 

_ 

laii- 

18 

8 

- 

- 

- 

1 

fair 

15 

10 

_ 

2 

5 

_ 

poor 

2] 

8 

_ 

_ 

_ 

_ 

fair 

20 

11 

- 

- 

- 

- 

pooi- 

16 

2 

_ 

2 

14 

_ 

poor 

22 

8 

_ 

_ 

_ 
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fail- 

21 

9 

1 

1 

2 

1 

fair 

17 

10 

_ 

1 

7 

1 

fair 

23 

9 

_ 

_ 

_ 

1 

fair 

22 

10 

_ 

1 

7 

1 

fair 

18 

3 

_ 

1 

1 

_ 

poor 

24 

8 

_ 

_ 

_ 

1 

faii- 

23 

8 

- 

1 

11 

I 

faii- 

21 

9 

_ 

_ 

_ 

_ 

fair 

25 

8 

_ 

- 

_ 

_ 

fair 

24* 

7 

- 

1 

4 

- 

poor 

22 

9 

_ 

fair 

27 

8 

1 

1 

3 

1 

fai  r 

25* 

6 

_ 

1 
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poor 

23 

9 

1 

2 

1 

fail- 

28 

8 

_ 

1 

4 

_ 

faii- 
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;; 

1 

2 

12 

- 

faii- 

24 

9 

1 

1 

poor 

29 

8 

1 

2 

4 

_ 
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7 

- 

2 

13 

- 
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26 

9 

1 

•_• 
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31 

8 

_ 

2 

4 

1 
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28* 

9 

- 

2  - 

12 
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27 

10 

_ 

o 

13 

1 

faii- 
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8 

_ 

1 

5 

2 
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9 
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2 
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pooi- 
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5 

1 
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3 
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1 

1 

_ 
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7 

10 

1 

1 

1 

1 
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4 

7 

_ 

- 

- 

2 

faii- 

1 

3 

2 

3 

24 

2 
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8 

9 

_ 

1 

2 

1 
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5 

S 

1 

1 

1 

2 
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5 

8 

_ 

3 

14 

2 
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9 

8 

_ 

1 

1 

1 
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6 

8 

- 

- 

- 

- 
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6 

3 

_ 

3 

31 

2 

faii- 

10 

8 

_ 

1 

1 

- 
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7 

7 

- 

- 

- 

1 
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7 
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_ 

2 

•-M 

1 

poor 

11 

8 

- 

1 

1 

1 
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8 

8 
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- 

- 

- 
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9 

3 

_ 

2 

20 

_ 

fair 

13 

6 

_ 

1 

3 

_ 

faii- 

9 

8 

- 

- 

- 

- 

fair 

10 

9 

_ 

1 

1 

_ 

fai  r 

14 

5 

_ 

1 

2 

_ 
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10 

8 

- 

- 

- 

- 
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11 

2 

_ 

_ 

_ 

_ 
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15 

9 

_ 

_ 

_ 

_ 
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11 

9 

- 

- 

- 

- 
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13 

2 

_ 

_ 

_ 

_ 
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16 

8 

- 

_ 

_ 

- 
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12 

S 

- 

- 

- 

- 
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1  1 

'.» 

_ 

_ 

_ 

2 
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17 

5 

- 

_ 

_ 

1 
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6 

- 

.- 

- 

- 
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15 

8 

- 

_ 

_ 

1 
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IS 

ID 
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- 

- 

- 
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10 
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- 

- 

- 
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18 

8 
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_ 

_ 
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19 

4 

1 

1 

1 

1 
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7 

1 

1 

3 

- 
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19 

8 
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- 

_ 

_ 
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20 

7 
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1 

1 

1 
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16 
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- 

1 
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- 
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20 

8 

_ 

_ 

- 
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21 

Ki 
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1 

- 
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17 
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1 
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Li 

2 

_ 

_ 

_ 

_ 

fair 

22 

1 

- 

1 

1 

- 

poor 

18 

8 

1 

2 

14 

1 

poor 

22 

8 

_ 

_ 

_ 

_ 

poor 

23 

4 

1 

2 

4 

_ 

faii- 

19 

8 

- 

2 

36 

1 

good 

23 

:; 

_ 

_ 

1 

fair 

21 

8 

_ 

2 

14 

■_■ 

good 

20 

s 

- 

2 

22 

1 

poor 

24 

i 

_ 

_ 

_ 

_ 

laii- 

25 

8 

1 

3 

22 

2 

fair 

21 

8 

- 

2 

53 

1 

v.  good 

25 

8 

_ 

- 

_ 

_ 

fair 

26 

7 

- 

3 

14 

2 

poor 

22 

7 

- 

2 

26 

1 

faii- 

26 

s 

- 

_ 

_ 

- 

faii- 

27 

8 

1 

1 

17 

2 

poor 

23 

8 

- 

2 

8 

2 

fair 

■J  7 

8 

_ 

_ 

_ 

fair 

28 

5 

1 

4 

28 

2 

fair 

24 

5 

- 

2 

4 

1 

poor 

28 

s 

- 

- 

_ 

_ 

t'aii- 

29 

8 

- 

2 

70 

2 

g 1 

25 

7 

- 

1 

1 

- 

poor 

Mar.    1 

S 

- 

- 

_ 

poor 

30 

8 

- 

2 

15 

2 

fair 

26* 

7 

- 

- 

- 

- 

poor 

2 

s 

- 

- 

_ 

1 

faii- 

May     1 

8 

- 

2 

43 

1 

good 

27* 

7 

- 

- 

- 

- 

poor 

3 

8 

1 

1 

4 

1 

fair 

2 

8 

1 

3 

24 

- 

tail- 

28* 

6 

- 

- 

- 

- 
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1 
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- 
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30 

8 

- 

1 

8 

1 

poor 

6 

5 

1 

10 

poor 

5 

8 

- 

3 

23 

1 

good 

'  2V-inch  refractor  :     36-inch  focal  length. 
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SYSTEMATIC    CORRECTION    OF    RIGHT-ASCENSIONS    OF    SOUTHERN 

STANDARD    STARS, 

By    LEWIS    BOSS. 


Since  the  publication  of  my  paper  on  the  positions  of  179 
Southern  Standard  Stars  ( A.J.  44S-450),  designated  here 
for  convenience,  B«,  several  star-catalogues  have  been  pub- 
lished. Among  these,  two  offer  the  testimony  of  reversible 
instruments,  and  at  the  same  time  contain  many  right- 
ascensions  of  Southern  stars.  These  are  the  catalogues, 
Washington  1 S 7 .">  and  Mt.  Hamilton  1895.  The  compara- 
tively low  latitudes  of  these  observatories  encourage  the 
hypothesis  that  the  observations  in  R.A.  may  be  entitled  to 
fair  weight  even  down  to  —40°  of  declination.  Therefore, 
when  I  found  that  these  two  catalogues,  as  well  as  the 
Albany  observations,  united  in  indicating  a  similar  and 
decided  correction  for  the  right-ascensions  of  i?2,  —  20°  to 
—  40°,  it  seemed  desirable  that  the  latter  should  be  re\  ised. 

In  the  Southern  hemisphere  for  the  modern  epoch  we 
have  been  dependent  very  largely  upon  the  Cape  and 
Melbourne  instruments  which  are  used  as  non-reversible. 
Other  things  being  equal,  a  reversible  instrument,  used  as 
such  iu  the  determination  of  fundamental  R.A.,  ought  to 
produce  more  than  twice  the  weight  of  result  that  can  be 
got  from  a  non-reversible  instrument.  For  in  the  former 
case  we  not  only  get,  in  many  respects,  the  effect  of  two 
instruments,  but  systematic  errors  in  determination  of  colli- 
mation  as  well  as  those  arising  from  defective  illumination 
and  other  causes  tend  to  eliminate  upon  reversal.  Gould's 
Cordoba  observations  were  made  with  a  reversible  instru- 
ment; but  the  methods  employed,  necessarily  governed  by 
the  requirements  incident  to  an  enormous  mass  of  obser- 
vations, leave  something  to  be  desired.  I  have  been  led 
to  infer  that,  in  the  reduction  of  Professor  Updegraf's 
R.A. -observations  (Cordoba  1889),  predicted  right-ascensions 
of  the  circumpolar  stars  were  employed  in  the  determi- 
nation of  n,  viz.,  Gould's  right-ascensions  (Cord.  Obs.,  Vol.  V, 
Int.).  Since  these  contain  observations  as  late  as  1  s s  t . 
they  might  be  supposed  to  be  measurably  precise  in  1889. 
But  Dr.  Auwers's  investigations  appear  to  point  by  infer- 
ence to  a  very  large  periodic  error  in  the  adopted  values  of 
n  in  the  Cordoba  work  of  1889  (A.N.  3413,  p.  75).  The 
term  of  correction  found  by  Dr.  Auweks  is,  approximately, 

+0".06  tgi  sin(210°  +  a); 

and  it  is  very  difficult  to  suppose  that  so  large  an  inequality 
as  this  can  have  its  origin  solely  in  a  defect  of  the  predicted 
right-ascensions.  It  is  doubtful  whether  this  series  is  en- 
titled to  much  weight  in  the  establishment  of  a  fundamental 
system,  though  it  agrees  fairly  well  with  the  conclusions 
of  this  paper.  The  Albany  positions  embrace  only  one 
year  of  observations  when  much  more  than  half  the  obser- 
vations was  devoted  to  stars  not  in  the  Standard  list.     The 


Washington  right-ascensions  do  not  appear  to  be  entitled 
to  the  highest  confidence  in  respect  to  their  probable  free- 
dom from  systematic  peculiarities;  since  the  instrument, 
after  a  few  years  of  use,  appears  to  have  been  regarded  as 
unlit  for  the  determination  of  fundamental  right-ascension, 
and  its  employment  in  that  direction  was  abandoned.  The 
Mt.  Hamilton  Catalogue  contains  a  relatively  small  number 
of  right-ascensions  of  Southern  stars.  In  spite  of  these 
defects  in  the  testimony  of  the  reversible  instruments,  it 
has  not  seemed  advisable  to  assign  to  the  non-reversible 
instrument  at  the  Cape,  with  four  series  of  observations,  a 
total  weight  of  more  than  four,  as  against  three  for  each  of 
the  four  reversible  instruments,  represented  in  each  in- 
stance by  a  single  series  of  observations.  In  difference  of 
observers  and  methods  there  is  an  undoubted  increase  of 
weight  with  increase  in  the  number  of  series  of  observations 
with  a  given  instrument;  but,  with  especial  reference  to 
the  problem  in  hand,  the  determination  of  Jaj,  it  is  prac- 
tically certain  that  there  will  remain  with  each  instru- 
ment peculiarities  which  cannot  be  eradicated  by  repetition 
of  use. 

We  first  correct  each  series  of  right-ascensions  to  agree 
with  Newcomb's  equinox,  A,,  and  free  them,  so  far  as 
possible,  from  periodic  terms  of  correction  of  the  form, 
l«a.  There  still  remain  discrepancies,  J«,| ,  varying  with 
the  declination,  which  exhibit  the  discordances  found  iu 
the  various  attempts  to  describe  a  true  meridian  from  a 
fixed  point  slightly  north  of  the  equator  to  the  South  pole. 
The  following  table  shows  these  discordances  in  the  sense 
of  corrections  to  B2.     (See  A.J.  448-450.) 

CORRECTIONS,    J«(j,    FOR  B„,  INDICATED    BY    OBSERVATION. 


Series 

Wi. 

—20° 

—25° 

—30° 

—35° 

—40° 

Cape  30 

1 

-0^009 

-o!oi3 

-o!ois 

-0!022 

-o".027 

S.  H.  32 

1 

0.000 

+  0.010 

+  0.032 

+  0.050 

+  0.050 

Cape  33 

•  > 

+  0.004 

+  0.001 

-0.005 

-0.007 

-0.009 

Cape  37 

2 

-0.018 

0.021 

-0.024 

-0.027 

-0.030 

So.  51 

1 

+  0.021 

+  0.026 

+  0.030 

+  0.030 

+0.030 

Cape  59 

1 

-0.007 

-0.009 

-0.016 

-0.024 

-0.032 

Melb.62 

1 

+  0.012 

+  0.015 

+  0.016 

+  0.017 

+  0.021 

Melb.68 

1 

+  O.012 

-h  0.01  2 

+  0.012 

+  0.012 

+  0.012 

Cord.  76 

3 

+  0.001 

+  0.010 

+  0.023 

+  0.037 

+  0.040 

M.elb.76 

1 

-0.012 

-0.016 

-0.016 

-0.016 

-o.oic, 

Cape  7C> 

1 

-o.ol2 

-0.014 

-0.009 

-0.012 

-0.003 

Wn.  79 

3 

+  0.021 

+0.030 

+  0.036 

+  0.043 

+  0.050 

Cape  SI 

1 

-0.001 

-0001 

-0.002 

-0.002 

-0.002 

Cord.  89 

0 

-0.009 

r  0.002 

1  0.052 

+  0.092 

+  0.096 

Cape  89 

1 

+  0.00.", 

+  0.002 

0.000 

-0.004 

-0.0OS 

Mt.H.95 

3 

+  0.041 

4  0.011 

+  0.011 

+  0.041 

+  0.011 

Alb.  98 

3 

+  0.068 

+  0.00S 

+  0.068 

+0.068 

+  0.068 

From  the  foregoing  numbers  the  following  corrections  to 
the  preliminary  system  for  1875,  and  centennial  variations 
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■  •  t   those  corrections,  result.     The  last  two  columns  exhibit 
ous  to  the  system  for  1830  and  1900  respectively. 

Systemath    Corrections  i\   R.A.  fob   B  . 

(179  Soi  iimicn  Standard  Stars). 

8  is;:.  C.V.  1880  1900 


20 

+0.0186 

+  II.H7.-. 

-0.015 

+0.037 

1'.-. 

+0.0202 

+0.078 

-o.oi.-, 

+  0.040 

30 

+0.0233 

+  0.082 

-O.II1  1 

+  0.044 

:;;, 

+0.0257 

+0.084 

-0.013 

+  0.047 

in 

+  o.oi\v.i 

+  0.089 

-O.oi:; 

+  0.048 

From  the  mode  of  derivation  of  the  original  corrections 

rrection  of  the  system  for  —10°  may  be  assumed  zero. 
From  —40°  to  —80°  of  declination  1  should  adopt  numbers 
interpolated  from  thoseat  -40o[-t-0».0259+0.089(2'-lN7.-,>] 

, ,  at  —80°.     'l'h, Tesp ling  corrections  to  the  sys- 

AuwERS  (A.N.  3431    32)  are  roughly  these: 

Corrections  for  the  I!. A.  or-  Auwers  (A. N.  3431-32). 


8 

1830 

is;:, 

1900 

C.V. 

20 

-o.o.-,:; 

+  0.012 

+0.047 

+  0.14:; 

1'.-, 

-0.056 

+  0.014 

+  0.0.-,) 

+  0.157 

Mo 

-0.058 

+  0.0L'1 

+  0.064 

+  H.17I 

35 

-0.0.->7 

+  0.026 

+  0.071' 

+  0.184 

in 

-0.057 

+  O.030 

+  0.077 

+  0.191 

If  Dr.  Auwers  had  adopted  Newcomb's  equinox,  J\\,  the 
iial   variations  of  the  corrections  attributed  to  his 
system    would    have    been    smaller    by   about    0'.085,  and. 
therefore  about  the  same  as  those  attributed  to  />'„. 

Thai  the  revision  pointed  out  in  the  foregoing  is  in  the 

direction  does  not  seem  to  admit  of  much  doubt;  nor 

do  1  think  that  the  correct  .inns  arc  exaggerated   in   amount. 

the  series  from  reversible  instruments  only  th t 

SI    Helena  and  Cordoba '89  exhibit  outstanding  values  of 

/         h  ch   are  large  enough  to  call  for  special  comment. 

Cordoba     v''    received    no    weight    in    this   discussion   for 

ited.     The    St.  Helena    right-ascensions  lay  no 

claim  to  independence ;  thej  are  confessedly,  and  almost  of 

i essity,  based  oi utemporarj  observations  at  other  ob- 

iries.     At  the  same  time  it   is  impossible  to  feel  a 
high  degree  of  confidence  in  the  precision  of  the  corrections 
nnd    in    this   revision,   as   compared   with    the 
[ard    of   accuracy    attainable    in    the    Northern  hemi- 
sphere.    The  projected   work  with  the  new  reversible  in- 
strument  at   the  Cape  of  Good  Hope,  therefore,  assumes  a 


degree  of  importance  which  could  not  possibly  attach  to  a 
similar  undertaking  in  this  hemisphere. 

Cape'50.  Having  had  occasion  to  make  particular  use 
of  the  Cape  Catalogue  for  1850,  I  have  been  led,  recently, 
to  revise  the  systematic  corrections  due  to  that  catalogue, 
in  order  to  reduce  it  to  the  system  of  B„.  For  this  pur- 
pose I  possessed  much  more  data  than  had  been  accessible 
to  me  for  constructing  the  table  of  correction  printed  in 
A.J.  159.  Usually  in  this  catalogue  there  are  not  more 
than  two  observations  of  each  star  (often  only  one),  even  of 
the  principal  stars.  This  makes  the  derivation  of  correc- 
tions for  it  a  process  of  unusual  difficulty,  though  it  may 
be  hoped  that  the  present  result  offers  a  fair  approxi- 
mation. 

The  revision  in  declination  offers  no  material  amendment 
to  the  results  of  my  former  paper. 

The  results  for  R.A.  follow,  and  exhibit  the  corrections 
required  to  reduce  the  right-ascensions  of  Cape  '52  to  the 
system  of  B2  as  revised  in  the  present  communication. 

R.A.  Corrections,  />'„  —Cape  52. 
8  Corr.  8  Corr. 


0 

+  0.016 

5 

+  0.016 

10 

+  0.015 

15 

+  0.010 

20 

+  0.005 

25 

0.000 

30 

-0.005 

35 

-0.025 

40 

-0.063 

45 

-0.079 

50 

-0.079 

55 

-0.047 

60 

-0.040 

65 

—0.038 

70 

-0.036 

75 

-0.02 

80 

o.oo 

85 

0.00 

The  correction,  Jaa,  adopted  in  A.J.  449,  was  deduced 
almost  wholly  from  right-ascensions  between  declination 
parallels,  +15°  to  —35°.  Since  the  catalogue-positions 
refer  mostly  to  stars  south  of  —20°,  it  seems  better  to  de- 
duce Ji'.a  from  them.     Proceeding  in  this  manner  we  have  : 

l,(„  =    — 0S.017  sin  a  —  0".010  cos  a 

These  corrections  are  not  very  greatly  different  from 
those  of  my  former  paper;  but  they  are  still  in  need  of 
revision.  For  this  purpose  a  greater  number  of  quasi- 
standard  stars  of  comparison  will  be  required.  It  is  to  be 
expected  that  eventually  this  increase  of  stars  available  for 
comparison  in  deducing  the  systematic  error  of  Cape  '50 
will  not  necessitate  special  computations, but  will  naturally 
result  from  investigations  in  progress  here  in  the  interest 
of  more  general  problems. 


CONTENTS. 
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A   STUDY   OF   THE   LIMITING  MAGNITUDES   OF   THE  CAPE   PHOTOGRAPHIC 

DURCHMUSTERUXG, 


By  SIMON    XEWCOMB. 


Among  the  many  important  uses  to  which  the  Cape  Pho- 
tographic Durchmusterung  may  be  put  we  must  assign  a 
high  place  to  the  determination  of  the  law  of  distribution 
of  the  fixed  stars.  In  the  completeness  with  which  it 
covers  its  field  we  have,  as  yet,  nothing  in  the  northern 
hemisphere  equal  to  this  work.  It  can  hardly  be  supposed 
that  any  stellar  object  photographically  brighter  than  9H.5 
comprised  within  the  region  from  —15°  to  the  south  pole, 
has  failed  to  be  included  in  it.  It  is  also  remarkable  for  the 
clearness  and  fullness  with  which  the  data  on  which  it  is 
founded  are  presented.  These  features  render  it  a  very  at- 
tractive subject  of  study,  and  at  the  same  time  facilitate  such 
corrections  as  farther  research  and  comparison  may  show  to 
be  necessary.  I  have  recently  been  studying  its  system 
of  magnitudes,  and  have  thus  been  led  to  conclusions  which 
may  be  worthy  of  attention  in  questions  growing  out  of  its 
statistical  data. 

It  has,  I  believe,  been  generally  assumed  that  when  the 
cloudless  sky  is  photographed  with  a  given  instrument  and 
a  given  time  of  exposure,  stars  down  to  some  definite  mag- 
nitude will  be  found  on  the  plates.  In  accordance  with 
this  hypothesis  the  faintest  stars  photographed  in  the  cata- 
logue branch  of  the  international  chart  of  the  heavens  are 
assumed  to  be  of  the  11th  magnitude. 

Gill  aud  Kapteyn,  in  the  work  under  consideration,  have 
rejected  this  standard  as  unreliable  on  the  ground  that,  even 
under  a  cloudless  sky,  the  variations  in  the  steadiness  and 
photographic  transparency  of  the  atmosphere  are  so  wide 
that  the  size  or  intensity  of  a  stellar  image  on  a  plate 
affords  no  sufficient  basis  for  inferring  the  magnitude  of 
the  star  which  produced  it.  They  have  therefore  reduced 
the  magnitudes  of  the  stars  on  each  plate  separately  so  as 
to  reproduce  the  known  visual  magnitudes  of  stars  found 
on  the  plate. 

One  result  of  this  process  will  be  obvious  on  an  examin- 
ation of  the  limiting  magnitudes  in  different  regions.  These 
vary  from  9". 6  on  some  plates  to  11M  or  even  higher  on 


others.     The  range  of  the  limit  of  magnitude  is  therefore 
at  least  1M.5. 

The  recent  publication  of  the  third  part  of  Thome's 
Corihiliii  Durchmusterung  suggests  a  comparison  of  the 
limiting  magnitudes  of  this  work  with  the  other.  It  may 
be  remarked  that  Thome's  work  extends  to  about  10M.4  of 
its  scale,  although  beyond  9M.9  no  decimals  are  given.  It 
gives  the  impression  of  being  quite  uniform  and  complete 
up  to  the  limiting  magnitude,  except,  possibly,  in  the  case 
of  some  clusters  or  dense  agglomerations  of  stars.  A  very 
slight  comparison  served  to  raise  the  question  whether  the 
limiting  magnitudes  on  Gill's  plates  were  really  as  diverse 
as  given  in  the  catalogue.  This  question  may  be  decided  both 
by  an  independent  comparison  of  the  number  of  stars  on 
different  plates  in  different  regions  of  the  sky,  as  found  in 
the  C.P.D.,  and  by  a  comparison  with  the  Cordoba  work. 
The  numbers  shown  in  the  following  tables  were  obtained 
in  the  following  way  : 

From  Table  IV  of  the  C.P.D.  I  made  a  selection  of 
those  plates  not  too  near  the  galaxy-  in  which  the  limiting 
magnitudes  were  either  near  the  lower  or  higher  extreme. 
The  general  average  limit  being  10". 3,  plates  were  taken 
of  which  the  limits  are  below  9M.9,  or  above  10". 5.  The 
number  of  stars  within  the  region  covered  by  each  plate, 
.which  was  generally  about  5°  square,  or  4°  x  5°,  was  then 
counted.  There  was  sometimes  a  slight  indetermination  as 
to  the  limiting  right-ascension  on  the  plate.  But  the  un- 
certainty thus  introduced  in  the  count  is  too  small  to  affect 
the  result.  A  similar  count  was  then  made  of  the  stars 
within  the  same  region  according  to  Thome.  The  results 
of  these  counts  are  shown  in  the  following  table  in  which 
is  given : 

The  limiting  right-ascensions  and  declinations  of  the 
plate,  from  which  the  plate  itself  may  be  identified  in  Gill's 
list  of  his  Table  IV  ; 

The  area  in  square  degrees  covered  by  the  plates,  or  in- 
cluded in  the  count; 
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The  Dumber  of  stars  within  the  region,  according  to  the 
two  autho:  il 

The  mean.density  per  square  degree  oi  the  stars  in  each 
region,  as  thus  found,  called  the  richness  of  the  region; 
The  limiting  ma  icording  to  the  C.P.D.  ; 

Che  approximate  galactic  latitude  of  the  center  of  the 

■  red. 

\     the  plates  eh  —  d  are  no!   all  very  near  the  galactic 

sirable  to  make  a  reduction  for  the  increasing 

densitj  oi  the  stars  toward  the  galaxy.     I  find  that,  judg- 

Si  i  :  :•,!  b's  counts  of  the  A.rgelander   Schoenfeld 

work  outside  the  regions  of  the  galaxy,  the  star-density 

can  be  approximately  reduced  to  one  standard   by  being 

multiplied  bj  the  square  rool  of  the  sine  of  the  galactic 

ide. 


Multiplying  the  richness  by  this  tac-tor  we  havi  the 
reduced  richness  of  the  sky  given  for  each  authority. 

The  last  column.  R0,  gives  the  reduced  richness  from  the 
C.P.D.,  obtained  in  the  following  way.  In  the  region  of 
the  LOth  magnitude  the  number  of  stars  of  each  magnitude  is 
about  three  times  that  of  the  magnitude  next  below.  That 
is  to  say.  the  number  of  stars  may  be  approximately  repre- 
sented by  the  formula  JV  =  .'!"//.  //  being  a  constant  de- 
pending on  the  area  and  the  general  mean  richness.  From 
this  expression  we  derive  the  number  of  stars  per  square 
degree  up  to  the  10th  magnitude,  or  L'0,  by  the  formula 

/,■„  =  :;■-"  B 

R  being  the  reduced  richness  of  the  C.P.Ik  in  the  column 
preceding.  The  richness  thus  found  is  given  to  round 
units  only. 


Counts  of  Stars  from  the  C.P.D.  and  from  Thome. 


Extent  in  i;..\. 

h       m  h      in 

2  25  to  :;  32 
21  Id  to  21  56 
23     3  to  23  25 


ii  58  to     1   22 

2  35  to     2  59 

l  :;:;  to    5  22 

6  35  to     7  21 

20  34  to  :'n  57 

22  58  to  23  46 


n  l  i   to  o  38 

1  4  to  1   29 

3  35  to  4  50 

21  17  to  22     6 


Sq.  Deg. 

74°92 
51.44 
24.60 


J.K.U 

25.57 
52.21 
19.01 
24.50 
51.13 


19.41 
20.22 
60.67 
39.64 


Belt  —  2G°.5  Deck  ;     5°  wide. 
No,  of  Stars  Richness  Lim.  Mag.      Gal. 

C.P.D.      Thome        C.P.D.  Thome      C.P.D.        Lat. 


768 
613 
168 

276 
245 

1250 

1202 

5 1  5 

560 

171 
150 
796 
564 


2478 
L972 

844 


10.3  33.1 

11.9  38.3 

6.8  34.3 


Belt  —31°. 5  Deck  ;     5°  wide. 


764 
7113 
2367 
4544 
L288 
1667 


10.8 
9.6 
23.9 
24.5 
21.0 
11.0 


29.9 
31.0 
45.3 
92.7 
52.6 
32.6 


Belt  —36°  Deck  :     4°  wide. 


608 

636 

2365 

1708 


8.8 

7.4 

13.1 

14.2 


31.3 
31.5 

39.0 
44.6 


9.7 

11.0 

9.6 

11.0 
10.6 

ll.o 

9.7 

10.8 

11.4 

9.8 

9.8 

10.8 

9.9 


59 

48 
71 

82 
62 
34 
10 
40 


81 
79 
45 

.-.1 


Reduced  richness 

C.P.D. 

Thome 

#o 

9.5 

30.5 

13 

10.2 

33.0 

3 

6.6 

33.3 

10 

10.7 

29.8 

4 

9.0 

29.1 

5 

17.9 

33.8 

6 

10.2 

38.7 

14 

16.8 

42.3 

7 

10.7 

31.8 

2 

8.7 

31-1 

11 

7.:: 

31.2 

9 

11.0 

32.8 

4 

12.5 

39.3 

14 

It  needs  little  argument  to  show  that  the  great  differ- 
ence- in  the  numbers  /?„  must  be  entirely  fictitious.     Even 

jreal  differences  in  the  reduced  richness  of 

the  sky,  the  limits  reached  by  the  plates  would  be  inde- 
richness.     But,  in  the   present  case,  it  is 
clear  thai   the  reduced  number  of  stars  per  square  degree - 
imprinted   on   the   plates   is   much    more   uniform   than    the 
number  to  the  10th  magnitude  as  given  in  or  inferred  from 
-lie. 
To  see  the  3ame  result   from  a  little  differenl   point  of 
view,  s  '    we  eliminate  from  the  C.P.D.  all  stars 

of  lo". n  or  higher.     W  e  shall  then  ,  nearly  com- 

plete ci  eficii  m  only  m  that,  on  a  few 

of  the  regions,  the  cataloguing  stops  al   two  or  three-tenths 
■     l      h  is  quite  clear  that,  if  the  magnitudes  given 
orrect,  those  regions  of  the  sky  in  which  9". 7-  9".9  arc 

wanting  should   be,  in   the    ■  rage,   the  | -est. 

the   contrary    is  actually   the   case   in   the   catalogue 


Those  regions  for  which  the  magnitudes  are  9M.S  or  less  ap- 
pear as  systematically  the  poorest. 

Yet  another  way  of  considering  the  same  subject  is  this. 
If  the  differences  of  the  limiting  magnitudes  of  the  C.P.D. 
are  real,  then,  when  we  compare  this  catalogue  with  that  of 
Cordoba  as  to  number  of  stars  in  different  regions,  the  ratio 
C.P.D.  -^-Cordoba  should  be  greatest  when  the  limiting 
magnitudes  are  the  most  extreme.  This  only  presupposes 
that  the  estimates  of  Thome  are  independent  of  the  con- 
dition  of  the  atmosphere  at  the  time  when  the  plates  were 
talon  at  the  Cape.  Now,  if  we  form  the  mean  ratio  of 
richness,  Thome  -j-  C.P.D.,  giving  weights  proportional  to 
the  number  of  plates,  for  the  higher  limits  and  the  lower  limits 
ot  magnitude  respectively,  as  in  the  table  given,  we  find 


Mean  limiting  magnitude. 


L0.8; 


Thome  -H  C.P.D.  =  3.3 
Thome  +  C.P.D.  =  2.8 


The  difference  in  these  ratios  would  indicate  a  mean  dif- 
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ference  of  limiting  magnitude  of  onl}'  0".22  between  the  two 
sets.  So  far,  therefore,  as  we  can  judge  from  these  data, 
the  mean  limiting  magnitude  of  the  C.P.D.  in  the  extreme 
seven  regions  investigated  extends  only  about  0M.22  farther 
than  in  the  six  regions  in  which  the  mean  limiting  magni- 
tude is  9M.7. 

Our  conclusion  may  be  stated  thus : 

The  magnitudes  of  the  G.P.J),  would  have  been  nearer  the 
truth  without  "hi/  correct  ion  for  reduction  to  a  visual  stand- 
ard, on  the  assumption  that  the  limiting  magnitude  is  the 
same  on  all  the  plates. 

The  only  objection  to  the  generality  of  this  conclusion 
which  I  can  see  is  that  it  is  based  on  a  few  extreme  cases. 
May  it  not  be  that,  in  other  cases  the  magnitudes  are  im- 
proved by  the  corrections  ?  I  reply  to  this  that  it  is  only 
by  extreme  cases  that  the  question  can  be  tested.  When, 
as  in  most  cases,  the  corrections  are  too  small  to  be  sub- 
jected to  a  rigorous  test,  they  become  at  the  same  time  un- 
certain and  unimportant.  If  the  legitimate  corrections 
are,  as  a  general  rule,  less  than  two-tenths  of  a  magnitude, 
they  cease  to  be  ascertainable  with  precision,  and  it  would 
be  better  not  to  apply  them  at  all. 

The  question  which  now  presents  itself  is,  granting  that 
the  limiting  magnitude  is  nearly  the  same  on  all  the  plates, 
what  is  its  mean  value?  In  the  absence  of  photometric 
determinations  extending  in  sufficient  number  to  nearly  the 
extreme  magnitude  we  can  only  find  a  mean  limit  relatively 
to  the  Cordoba  system.  The  comparison  can  most  readily 
be  made  by  comparing  numbers  of  stars.  I  find  that.  ;iu;i\ 
from  the  galaxy,  about  one-third  of  Thome's  stars  are 
marked  10M.     From  this,  by  the  formula  already  given,  it 


may  be  inferred  that  the  stars  thus  marked  range  through 
0*.36.  Supposing  them  to  start  from  '.Is'. 95,  this  gives 
10M.31  as  the  limit. 

Away  from  the  galaxy,  the  ratio  number  of  stars, 
Thome  -^  C.P.D.  is  about  2". 7.  This  corresponds  to  a 
difference  of  magnitude  of  0M,9.  Hence  the  general  limit 
of  the  C.P.D.  may  be  set  at  9M.4  of  the  Cordoba  system. 
There  can,  I  conceive,  be  little  doubt  that  the  actual  limit 
on  the  photometric  scale  is  higher  than  this ;  perhaps 
10M.0.  If  so,  away  from  the  galaxy  Thome's  DM.  extends 
nearly  or  quite  to  10M.9 ;  and  this  seems  quite  likely. 

In  the  denser  galactic  regions  it  seems  from  the  counts 
given  by  Thome  in  his  third  volume  that  the  limit  is  not 
very  different  for  the  two  catalogues  in  the  general  means, 
though  there  are  striking  individual  discrepancies.  Thus, 
in  the  zone  —  42°  the  C.P.D.  seems  to  show  a  singular 
sparseness  of  stars  through  the  galactic  region  16h  to  18h, 
though  the  limiting  magnitude  given  in  the  catalogue  is 
never  below  9M.8,  and  generally  exceeds  10". 0.  This  differ- 
ence in  the  ratio  of  richness  of  the  two  catalogues  for  the 
galactic  and  nou-galactic  regions  may  arise  in  great  part, 
as  Kaptetn  has  shown,  from  the  general  blueness  of  the 
galactic  stars. 

It  would  seem,  on  the  whole,  that  the  limit  of  magnitude 
of  the  Cape  Photographic  Durchmusterung  is  much  nearer 
uniform  than  the  limits  given,  and  that  it  maybe  regarded 
as  a  fairly  complete  representation  of  the  southern  sky  to 
a  photographic  magnitude  of  probably  10M.0. 

In  the  same  connection  this  comparison  seems  to  show 
the  great  importance  of  the  completion  of  the  Cordoba 
work,  which  is  now  two-thirds  done. 


ON   THE   ERUPTIVE   ENERGY   OF   THE   STARS, 

Bv  J.  WOODBIUDGE   DAVLS. 


The  fact  that  the  molecules  of  the  different  gases  are 
equal  in  thermal  capacity,  but  unequal  in  mass,  must  pro- 
foundly affect  the  behavior  of  great  condensing  bodies  of 
gas.  Suppose  that  a  molecule  of  nitrogen  and  a  molecule 
of  hydrogen,  starting  at  the  same  temperature,  fall  in 
company  through  a  certain  space,  at  the  end  of  which  their 
motion  is  arrested  in  such  manner  that  the  heat  produced 
is  wholly  absorbed  by  the  molecules  themselves.  This 
would  be  the  case  if  two  bodies  of  gas,  each  composed  of  a 
number  of  nitrogen  molecules  and  the  same  number  of 
hydrogen  molecules,  should  come  into  collision  in  conse- 
quence of  their  mutual  gravitational  attraction.  The  nitro- 
gen molecule  generates  fourteen  times  the  quantity  of  heat 
generated  by  its  lighter  companion,  and,  being  of  the  same 
thermal  capacity,  its  increment  of  temperature  would  also 
be  fourteen  times  as  great,  if  it  might  retain  its  own  heat; 
but,  since  the  molecules  are  in  juxtaposition,  they  neces- 


sarily arrive  at  the  same  temperature,  and,  therefore,  share 
equally  the  heat  generated  by  the  pair.  In  this  way  the 
hydrogen  acquires,  mainly  at  the  expense  of  the  nitrogen, 
seven  and  a  half  times  the  heat  due  to  its  own  fall  under 
the  gravitational  attraction  of  the  two  gases.  By  the  prin- 
ciple of  gaseous  diffusion,  each  gas  is  now  acted  upon  by 
the  other  only  in  consequence  of  the  gravitational  attraction 
and  the  frictional  resistance  of  the  latter.*     Hence,  as  the 

»"  If  we  apply  the  ordinary  language  about  fluids  to  a  single  gas 
of  the  mixture,  we  may  distinguish  the  forces  which  act  on  an  ele- 
ment of  volume  as  follows  : 

"  1st.     Any  external  force,  such  as  gravity  or  electricity. 

"2d.  The  difference  of  the  pressure  of  the  particular  gas  on 
opposite  sides  of  the  element  of  volume.  [The  pressure  due  to  other 
gases  is  to  be  considered  of  no  account.] 

"3d.  The  resistance  arising  from  the  percolation  of  the  gas 
through  the  other  ^asrs  which  arc  moving  with  different  velocity." — 
Prof.  J.  C.  Maxwell,  article  ••Diffusion."  Encyc.  Brit,  Vol.  VII, 
1ST",  p.  216. 
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bof  a  very  slight  fall  oi  the  two  portions  of  the  nebula, 

the  hydrogen  may  become  possessed  of  an  energy  sufficient 

to  expand  it  to  infinity  againsl  the  gravitational  attraction 

ises.     Held  in  check,  however,  by  the  frictional 

contact  with  the  mass  of  the  nitrogen,  which  is  berefl  of 

power  tn  lift   itself  so  Eai   as  ii   fell,  tins   energy   e 
pends  itself  slowly  in  forcing  the  lighter  gas  up  through 
ii,,.  heavier,  iting  an  outrushing  hydrogen  atmos- 

phere. 

I      treal   the  problem  more  generally,  let  8',  8",  be  the 

ities  of  the  two   gases,  8'  pertaining  to  the 

gas ;  lei  the  number  of  molecules  of  the  heavier  gas 

times  the  number  of  molecules  of  the  lighter  gas  in 

each  separated   part  of  the  nebula;  and  let  R  be  the  heal 

generated  in  the  collision.     Then,  the  portion  of  heat  gen- 

ei  ited  by  the  fall  oi  the  lighter  gas  is 

(!)  ^FF8<  H 

and  the  fraction  of  heal  received  by  the  lighter  gas  is 

1 


y +  1 


// 


The  ratio  of  the  heat  received  to  the  heat  generated  by 
the  lighter  gas  is 

7/8"  + 8' 
ijS'  +  8' 

which  increases  from  1  to  8"  -^-  8'.  as  y  increases  from  zero 

tn  infinity;  that  is,  the  smaller  the  proportion  of  the  lighter 

gas,  the  more  violently  is  it  expelled.      The  quantity  of 

red    by    the   lighter   gas  at   the   expense  of  the 

er  is 

<,       1  8' 

(4) 


>/&"+&' 


II 


Iv  +  i 

which  is  a  maximum  when 

18'  //8"  18" 

V=   ^    ,    or  when    -     -J- 

is,  the  greatest    mechanical   effect  in   expelling   the 
lighter  gas  occurs  when  the  musses  of  the  gases  are  pro- 
portional to  the  square  roots  of  their  relative  densities. 
Before  dealing  with  celestial  bodies  of  gas,  it  will  be  well 
ill  the  behavior  of  mixed  gases  in  a  tall  column  at 
e,  as  discussed  by  Professor  Maxwell  in 
the  article  already  referred  to.     A  uniform  mixture  quickly 
arrives  at  a  state  of  equilibrium  as  a  mixture,  in  which  the 
increases  downwardly.     Bui  the  constituent  gases 

oi   in  independent  equilibrium.     Suppose  each  t ■ 

cupy  alone  a   similar   tube;    then,  when   each    has  attai 1 

equilibrium  under  the  same  circumstances  as  to  temperature 
ami  intensity  of  gravity,  the  rate  of  increase  of  density 
downward  increases  with  the  relative  density  of  the  gas. 
Bach  gas  in  the  mixture  has  the  sami  tendency  to  assume 


independent  equilibrium  as  if  it  were  alone,  but  its  tendency 
is  powerfully  resisted  by  friction  with  the  other  gases. 
Hence,  the  process  of  attaining  independent  equilibrium, 
const  ting  of  a  downward  movement  of  the  heavier  gases 
and  an  upward  movemenl  of  the  lighter,  is  exceedingly 
slow,  and  the  result  is  a  mixture  richer  in  the  heavier  gases 
lu'liiu   and  richer  in  the  lighter  gases  above. 

Consider  now  a  non-rotating  globe  composed  of  any  nun  - 
ber  of  gases,  the  mixture  in  equilibrium,  the  constituent 
gases  at  an\  stage  of  their  slow  progress  toward  indepen- 
dent equilibrium.  The  temperature,  and  the  acceleration 
of  gravity,  at  each  point,  are  necessarily  the  same  for  all 
the  gases.     Let 

R  be  the  radius  of  the  globe ; 
r,  ;/,  the   radius  of  any  concentric   spherical   stratum  of 
infinitesimal  thickness,  and    the  acceleration   of 
gravity  at  that  stratum  ; 
p,  p,  t,  the  pressure  per  unit  surface,  density,  and  absolute 
temperature  of  the  fluid  at  that  stratum  : 
in,  h,  the  mass,  and  quantity  of  heat,  from  center  to  that 
stratum  : 
//,  the  quantity  of  heat  in  the  globe; 
W.  the  energy  of  the  fall  of  all  the  molecules  of  the 
globe  from  an  infinite  distance  to  their  present 
positions,  no  molecule  passing  any  other  ; 
8,  the  relative  density  of  any  perfect  gas  or  mixture 
nf  perfect  gases  in  comparison  with  hydrogen; 
C',.-7-8.  the  speeitic  heat  of  any  perfect  gas  or  mixture  of 
perfect  gases  at  constant   volume,    CT  being  the 
value  for  hydrogen ; 
C  _i- 8,  the   speeilic    heat    of   any   perfect  gas  or   mixture 
of  perfect  gases  at  constant  pressure,   Cp  being 
the  value  for  hydrogen ; 
C-hS,  the  difference  of  the  specific  heats,  ( Cp  —  C,.)  -f-  8, 
(  '„  being  the  value  for  hydrogen  ; 
y.  the  ratio  of  the  specific  heats.   C '  -£-  Cv,  approxi- 
mately, 1.4.* 


We  have. 


=  C,-i-8t 


p 

pt 

dp  =  —pdrg 

dm  =  -i-rr  /•"<//■  p 


(5) 

(6) 

(") 


With  [>'.  j/',  p",  j'",  etc..  to  denote  the  densities  and  pres- 
sures of  the  several  gases  at  any  stratum,  and  8',  8",  etc.,  to 
denote  their  respective  relative  densities,  while  s  denotes 
the  distance  from  the  center  of  the  globe  to  any  point  in 
space,  we  obtain, 

•  Peabody,  1.405;     Pkeston,  1.408;     W 1.406. 

|  Preston,  Theory  of  Beat,  1894,  p.  250  ;  and  other  treatises  on 

heat. 
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H  =    C'i^drrCy  \  ^  +^  +  etc.  I  =  ,  by  (o), 

«/(i  {00  ) 

Xft               Cr                                         1       rR 
WrVr-i  (,/+,/'  +  etc.)  =  f  j    4»rf&7>  =  . 

by  formula  for  integration  by  parts, 

0--L.-  C%TT7*dp  =  ,by(6), 
7  —  V„ 

-Ijjf'i  ^V,-,?  =  ,    by  (7),  —L^f'rgdm  = 


(8) 


3(y 


^ri*"-r?!-^ 


i[- 


(y-i) 


If  the  constituent  gases  are  in  independent  equilibrium, 
then  equations  (5),  (6),  (7),  (8),  apply,  also,  to  each  con- 
stituent gas,  p,  p,  8,  dm,  H,  W,  pertaining  then  to  that  gas 
only,  while  r,  R,  t,  and  g  are  identical  for  all  the  gases. 
Accordingly,  the  condition  existing  in  the  globe  when  each 
component  gas  is  in  independent  equilibrium,  is 


(9) 


rgdm 


1         ,•" 

H  =  :u^v,X  '"■'■■■     -3(7=1)' 

1         r*  II' 


•g  (I m  '  = 


(7-1) 


etc. 


When  the  constituent  gases  are  not  in  independent  equi- 
librium, equations  (5),  (7i.  are  true,  and  equation  (6)  is  not 
true,  for  each  gas;  the  first  five  members  of  equation  (8), 
as  expressions  for  the  quantity  of  heat  possessed  by  each 
gas,  are  true,  as  are  the  remaining  four  members,  as  expres- 
sions for  the  quantity  of  energy  represented  by  the  con- 
traction of  each  gas,  in  company  with  the  other  gases, 
from  infinite  dimensions,  divided  by  3(y  — 1)  ;  but  equiva- 
lence between  the  first  five  members  and  the  remaining 
four  members  does  not  exist  except  for  the  mixture. 

To  simplify  the  problem,  suppose  the  globe  to  be  com- 
posed of  two  gases  whose  relative  densities  are  8',  8",  8' 
pertaining  to  the  lighter  gas.  At  any  spherical  stratum 
let  y  be  the  ratio  of  the  number  of  molecules  of  the  heavier 
gas  to  the  number  of  molecules  of  the  lighter  gas.  y  is  a 
variable  with  respect  to  r  except  in  the  case  of  uniform 
mixture.     The  total  heat  in  each  spherical  stratum, 

4 


(10) 


dh  = 


r'2  drp 


is  divided  between  the  two  gases  so  that  each  molecule  of 
either  gas  possesses  an  equal  share  ;  therefore, 

(11)  h  '  =  f  *— U  dh,     H"  =    C"-^~  dh,  H'+ir'=  If 
Jo   .'/  +  !  Jo   .'/  +  1 

*This  result  was  reached  by  A.  Ritteb  in  the  case  of  a  celestial 
globe  composed  of  a  single  gas  ;  see  Wiedemann's  Annalen,  Vol.  8, 
1879,  p.  162  ;  also,  Astrophysical  Journal,  Vol.  8.  1S98,  p.  300, 
eM.  (611). 


The  energies  of  the  contraction  of  the  two  gases  in  com- 
pany from  infinite  dimensions  are  severally 

W>=  j  %,/„/'.      W"=  ("rgdm",       W'+W"=W    (12) 

where  dm'  =  ^  dm,     dm"  =  -|^  dm        (13) 

The  superheating  of  the  lighter  gas  in  consequence  of 
the  fall  from  infinity  causes  it  to  rise  through  the  heavier 
gas.  resisted  by  friction  ;  the  deficit  of  heat  in  the  heavier 
gas  causes  the  latter  to  sink  through  the  lighter,  resisted 
by  friction  ;  the  mixture  is  in  equilibrium  ;  hence,  the  effect 
is  to  drive  out  the  lighter  gas  only.  The  energy  required  to 
lift  every  molecule  of  the  lighter  gas  from  its  present 
position  to  the  surface  of  the  heavier,  and  thence  on  to  in- 
finity, while  the  molecules  of  the  heavier  gas  remain  fixed, 
is  greater  than  W,  and  is  composed  of  the  following  three 
parts  :  the  energy  required  to  lift  every  molecule  to  in- 
finity against  the  attraction  of  the  lighter  gas,  that  required 
to  lift  every  molecule  to  the  surface  of  the  heavier  gas 
against  the  attraction  of  the  heavier  gas.  and  that  required 
to  lift  every  molecule  thence  on  to  infinity  against  the 
attraction  of  the  heavier  gas;  that  is,  to  lift  to  infinity  a 
spherical  layer  dm',  whose  radius  is  /•,  requires  the  energy 

rg'  dm  '  +  (/m '   j    g"  dr  +  R  gnsdm  '  (14) 

wht're  g'  is  the  part  of  the  acceleration  of  gravity,  g,  at  any 
point  in  the  globe  due  to  the  lighter  gas,  and  g"  is  the  part 
due  to  the  heavier  gas,  and  g"R  is  the  part  of  the  acceleration 
of  gravity  at  the  surface  of  the  globe  due  to  the  heavier 
gas.     We  have 


=  E 


if  =  E  —  ,      g    =  h  - 


M" 
9*=E—    (15) 


where  E  is  a  constant.    By  means  of  (15)  eliminate  g1,  g",  g"R , 
from  (14)  : 


(T+X   m   ri+~R~  \  (16> 

But  (17) 

r«    ndr      [~      m"l*  ,    C'diii"  M"      in"       r«dm" 

X  '"  7<=L-tJ,.+1  ~r -R+ir  +  l  — 

therefore,  the  energy  required  to  lift  all  the  molecules  of 
the  lighter  gas  out  of  the  heavier  and  on  to  infinity  is 

f*     ,    ,im       CRdm"  ) 
1     =1    Ed'"\-r+Jr    —  \  <18) 

=   I    rgdm'  4  h   I     \  dm,'  I     \ 
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When  the  mixture  is  uniform,  y  is  constant,  and  the  heat 
ed  In    the   lighter   gas   is   shown   in  equation  (11) 
id  to  expression  (2).     The  quantities  of  heat  required 
i,\  the  lighter  gas  and  1>.\  the  whole  globe,  in  order  to  in- 
sure equilibrium  in  each  for  a  uniform  mixture,  are,  by  (9) 
and  (13),  as  their  respective  masses;  hence  the  lighter  gas 
requires  the  fraction  (1)  of  the  total  heat,  and  the  excess 
of  heal   possessed  by  the  lighter  gas  is  the  fraction  shown 
i,,   ,  |).     We   therefore   arrive   at    the   conclusions  before 
that,  the  smaller  the  proportion  of  the  lighter  gas, 
the    more    violently    is    it    expelled,   anil    that   the   greatest 
mechanical  effect    in   expelling  the  lighter  gas  occurs  when 
asses  of  the  gases  are  proportional  to  the  square  roots 
of  !!,,■!!  relative  densities. 

I,,  compare  the  heat  possessed  by  the  lighter  gas,  (11), 
with  the  heat  required  to  lift  it  out  of  the  heavier  gas  and 
on  to  infinity.  (18),  we  must  know  the  law  of  the  distri- 
bution of  mass  in  the  globe.     For  illustration,  let  it  be 

(19)  p  =  P„|l  -  j>£    =  PoO-'')2 

where       /•  =  fix,      dr  =   /.'</.''.       Then,  from  (7),  (15),  (f>), 

(20)  m  =  ■lirp0j\l-.ry2ridr  =  -Itt^VoJ,   (l-*)2*2^; 

(  a;8       ,<-4      x6  ) 

« 
(  .'•       .'■•      a3  ) 

(21)  g=    Eiirltpa    Jr.   "   o+   ;,   [ 

„  i    13        a-2      7a-3       23a;4      9a:6       x*_  ) 
p  =  E  4r  R  Po  J  900  "  "e  +  Is  ~  "60  +  50  ~  30  \ 

in  which  the  constant  of  integration  of  (0)  is  determined 
by  the  fact  that  ;/  =  0,  when  r  =  j,\  or  .-■  =  1.  For 
uniform  mixture,  the  integrations  indicated  in  (11),  (18), 
can  now  be  performed,  and  the  results  compared  in  terms 
of  8',  rt".  >h  as  in  expression  (3).  To  obtain  a  numerical  ratio, 
Let  tie-  lighter  gas  be  hydrogen,  and  let  the  relative  density 
of  the  heavier  gas  be  40,  which  is  probably  much  less  than 
the  relative  density  of  a  uniform  mixture  of  the  sun's  gases 
without  the  hydrogen  ;  and  let  the  masses  be  as  4  is  to  8G ; 
then, 

8'  =  1 ,  8"  =  40,  and   .1/  ':.!/"::   1 :  86  ::  8' :  yl",  or  y  =  ^ 

In  this  case  the  hydrogen  has  nearlj  tu. .-thuds  of  the 
number  of  molecules  in  the  globe,  or  occupies  nearly  two- 
thirds  of  its  volume.     We  then  find   //',//".    W,  IF",   U', 

are  respectively,  0.00860, 0.00463, 0.1 70,0.01517,0.00137, 

multiplied   b\  the  common  factor    /.V /.'6p02.     The  ratio  of 


the  heat  possessed  by  the  hydrogen  to  the  heat  required  to 
hold  it  in  equilibrium,  is 


11'  -=r 


W> 


•    3(y-l) 


=  14.74 


(22) 


The  tendency  of  the  heavier  gas  to  sink  is  shown  in  the 
formula 


II'" 
The  equilibrium  of  the  mixture  appears  as  follows 


{*>  +  *•}  + 


W'+  W" 

3(y-i) 


l 


(23) 


(24) 


The  ratio  of  the  heat  stored  in  the  hydrogen  to  the  energy 
necessary  to  lift  it  out  of  the  heavier  gas  and  on  to  in- 
finity, is 

II'  _^  U'  =  (3.28  (25) 

With  explosive  violence  the  hydrogen  would  expand  to 
infinite  dimensions,  were  it  not  depressed  by  the  friction 
incident  to  a  tremendous  depth  of  densely  packed  opposing 
molecules.  Slowly,  but  powerfully,  it  is  driven  upward 
through  and  out  of  the  heavier  gas  to  form  a  continually 
rising  atmosphere.  As  each  spherical  layer  of  this  atmos- 
phere is  pushed  outward  from  the  attracting  globe,  it  is 
constantly  relieved  of  pressure,  and,  therefore,  constantly 
expands;  hence,  the  velocity  of  a  particle  of  the  rising 
atmosphere  continually  increases.  As  the  particle  traverses 
a  certain  constant  distance,  say  a  tenth  of  the  radius  of 
the  globe,  the  ratio  of  the  relief  of  pressure  to  the  existing 
pressure,  is  exceedingly  great  near  the  globe  and  exceed- 
ingly small  in  the  outer  region  removed  a  few  radii  from 
the  globe;  consequently  the  space-derivative  of  velocity 
diminishes  rapidly  outwardly,  so  that  between  the  distance 
of  a  few  radii  from  the  globe  and  infinity  the  velocity  is 
nearly  uniform. 

That  the  gases  of  the  sun  are  in  uniform  mixture  is  per- 
haps the  prevailing  opinion  among  astronomers.*  The 
theory  advocated  by  Fate,  Lane,  and  Bitter,  to  account 
for  the  upbringing  of  heat  from  the  central  parts  to  the 
surface  by  means  of  vertical  currents,  depends  upon  the 
principle  of  eonvective  equilibrium.  An  essential  condition 
for  eonvective  equilibrium  is  uniformity  of  mixture  of  the 
constituent  gases,  and  the  vertical  currents  incident  to  the 
theory  act  to  maintain  the  uniformity. 

if.  however,  the  component  gases  were  in  the  state  of 
independent  equilibrium  indicated  in  equations  (0),  there 
would  be  no  tendency  to  expel  any  of  the  gases.  A  discus- 
sion of  this  case,  which  would  be  too  long  for  the  present 

■  -i  ..i  \.,'s  Sun,  1898,  p.  032. 
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paper,  shows  that  the  aggregations  of  the  heavier  gases 
near  the  center  and  of  the  lighter  gases  near  the  surface, 
incident  to  independent  equilibrium,  in  a  globe  of  the  sun's 
mass  and  dimensions,  would  be  so  great  that  vertical  cur- 
rents would  be  powerfully  resisted  by  gravity  ;  the  surface 
layer  would  contain  only  the  lightest  gas;  except  in  so  far 
as  it  might  be  modified  by  conduction  and  radiation  of  heat 
from  the  interior,  the  temperature  of  the  surface  of  the 
globe  would  be  absolute  zero,  and  the  temperature  through 
a  considerable  depth  from  the  surface  would  be  near  to 
absolute  zero;  the  globe  would  be  stagnant  so  far  as  radial 
currents  are  concerned. 

To  illustrate  the  effect  of  a  compacting  of  the  heavier 
gases  toward  the  center,  that  is,  of  an  approach  to  inde- 
pendent equilibrium  of  the  gases,  in  lessening  the  excess 
of  heat  in  the  lighter  gases,  let  us  assume  the  problem 
already  considered  with  the  modification  that  the  two  gases 
are  so  distributed  in  the  globe  that  the  relative  density,  8,  of 
the  mixture  is  no  longer  a  constant,  but  varies  from  center 
to  surface  according  to  the  equation 


(26) 

Xow 
(27) 


8  =  30  -  27 


>/o"'  +  &' 


At  the  center  there  are  nearly  three  times  as  many  mole- 
cules of  the  heavier  gas  as  of  the  lighter,  and  the  relative 
density  of  the  mixture  is  30 ;  at  the  surface  there  are  more 
than  eighteen  molecules  of  hydrogen  to  one  of  the  heavier 
gas,  and  the  relative  density  is  3.  Substitute  for  y  in  (11), 
(12),  (13),  (18),  its  value  in  terms  of  x,  and  perform  the 
indicated  operations  to  find  that  H',  II",  W,  W" ,  U',  are 
equal  each  in  its  order  to  the  common  factor  Ett"R5p02 
multiplied  by  the  coefficients.  0.00721.  0.00599,  0.00081, 
0.01506,  0.00124.  Consequently,  the  ratio  (22)  becomes 
1o.7:;  ;  the  ratio  (23)  takes  the  value  0.48;  the  ratio  (24) 
remains  equal  to  unity;  and  the  ratio  (25)  is  reduced  to 
5.84. 

If  the  gases  are  maintained  in  uniform  mixture  by  verti- 
cal currents,  the  tendency  is  to  expel  the  hydrogen  entirely, 

*The  condition  (26),  witli  8' =  1  ,  8"  =  40,  combined  with 
(27),  (13),  17).  (19),  leads  to  the  proportion,  .V  :  if  ::  t  :  86. 
This  problem  was  first  worked  out  from  the  condition  (2i!|,  and  the 
resulting  ratio  of  masses,  4  :  8G,  was  then  used  in  the  previous 
problem  of  uniform  mixture,  in  order  that  the  two  problems  might 
differ  only  in  the  distribution  of  the  gases. 


and  the  ratios  (22),  (25)  increase  with  the  diminution  of 
the  lighter  gas.  If  the  mixture  is  not  stirred  up,  the  gases 
seek  a  state  of  independent  equilibrium  in  which  a  small 
portion  of  the  hydrogen  remains.  In  the  passage  to  this 
state  the  hydrogen  is  for  a  long  time  under  the  tremendous 
stress  indicated  in  ratios  (22),  (25),  which  according  to  the 
preceding  paragraph  decreases  slowly  while  the  gases  are 
adjusting  their  equilibrium;  hence  the  greater  part  of  the 
hydrogen  is  driven  out  of  the  globe.  The  gases  in  the  tall 
column  at  the  earth's  surface,  already  referred  to,  reach  in- 
dependent equilibrium  without  loss  of  a  portion  of  the 
lighter  gases  only  when  the  top  of  the  column  is  sealed. 
In  a  tube  of  indefinite  length  open  at  the  top,  the  uniform 
mixture  has  an  upper  free  surface  at  a  certain  section  of 
the  tube ;  the  process  of  attaining  independent  equilibrium 
of  the  gases  involves  the  expulsion  of  a  considerable  por- 
tion of  the  lighter  gases  upward  across  this  section. 

In  a  globe  composed  of  a  great  number  of  gases,  each 
gas  is  urged  upward  by  all  the  heavier  gases  and  down- 
ward by  all  the  lighter;  therefore  a  series  of  the  lighter 
gases  is  driven  into  the  atmosphere.  Whether  the  mixture 
is  uniform,  or  the  gases  are  in  a  state  approaching  inde- 
pendent equilibrium,  every  gas  is  present  in  some  .pro- 
portion at  the  surface  of  the  globe. 

The  proposition  that  the  sun  generates  an  outrushing 
atmosphere  is  limited  by  the  condition  that  such  atmos- 
phere shall  be  so  thin  as  not  to  appreciably  interfere  with 
the  motions  of  planets  and  comets.  We  are  already  aware 
of  the  existence  of  a  body  of  matter  surrounding  the  sun 
in  the  corona  and  zodiacal  light  that  satisfies  this  con- 
dition; there  is  nothing  in  the  theory  to  indicate  that  the 
atmosphere  is  denser  than  this  body  of  matter.  That  the 
atmosphere  is  much  rarer  than  cometic  vapors  is  shown  in 
the  forms  of  comets'  trains.  When  a  rare  medium  in 
motion  encounters  a  much  denser  and  smaller  body  at  rest, 
the  former  cannot  immediately  impart  to  the  latter  its 
own  velocity.  After  a  short  interval  the  velocity  of  the 
denser  body  is  so  small  that  the  accelerative  power  of  the 
rare  medium,  which  depends  upon  the  difference  of  veloci- 
ties, is  but  little  less  than  it  was  at  first.  Consequently, 
when  the  difference  of  densities  is  very  great,  the  motion 
of  the  denser  body  for  a  considerable  distance  is  almost  as 
if  its  velocity  were  uniformly  accelerated.  "  The  form  of 
the  comet's  tail,  on  the  supposition  that  it  is  composed  of 
matter  driven  away  from  the  sun  with  a  uniformly  acceler- 
ated velocity,  has  been  several  times  investigated,  and 
found  to  represent  the  observed  form  of  the  tail  so  nearlj 
as  to  leave  little  doubt  of  its  correctness."  ' 

•Newcomb  and  Hoi.den's  Astronomy,  3d  ed.,  1887,  p.  277. 
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TENTATIVE   RESEAKCHES   UPON  PRECESSION  AND   SOLAR  MOTION, 

By   LEWIS   BOSS. 


The  attempt  to  find  the  point  in  the  sky  toward  which 
the  sun's  motion  is  directed  is  difficult,  not  only  because  of 
the  hypothetical  nature  of  the  assumptions  which  must  be 
made,  but  also  because  of  the  fact  that  the  parallactic 
motion  of  the  stars  is  entangled  in  a  most  perplexing  way 
with  other  effects  and  motions.  Some  of  these  arise  from 
the  imperfection  of  observations,  others  from  the  unknown 
residuum  of  precessional  motion,  and  still  others  from  the 
motion  which  is  peculiar  to  each  star. 

Eventually  we  may  be  able  to  apply  something  like  a 
satisfactory  test  to  determine  whether  the  direction-element 
of  the  motion  peculiar  to  each  star  is  principally  a  matter 
of  chance.  That  there  is  community  of  motion  in  groups 
of  stars  we  know  already.  There  is  a  notable  group  of  this 
kind  in  Ursa  Major,  and  another  of  numerous  member- 
ship in  Tk  urns.  In  various  parts  of  the  sky  there  are  a 
great  many  such  instances  where  two  or  more  stars,  sepa- 
rated by  several  minutes  of  arc,  appear  to  have  a  common 
motion.  Admitting  the  possibility  that  these  star-streams 
are  more  prevalent  than  is  commonly  supposed,  it  may 
still  be  found  that  the  hypothesis  of  chance  motion  of  the 
stars  is  substantially  correct,  when  the  star-stream  instead 
of  the  single  star  is  taken  as  the  unit. 

It  is  no  part  of  my  present  purpose  to  set  forth  the 
cumulative  evidence  in  favor  of  the  proposition  as  to 
the  random  character  of  the  motus  peculiaris.  There  ap- 
pears to  be  no  occasion  for  very  serious  doubt  as  to  its 
efficiency  to  serve  as  a  good  working  hypothesis  until  after 
we  shall  have  cleared  the  determination  of  solar  and  pre- 
cessional motion  from  other  elements  of  uncertainty. 

Under  any  hypothesis  as  to  the  character  of  stellar 
motions  we  may  consider  our  origin  of  coordinates,  to 
which  the  motions  are  referred,  to  be  (so  to  speak)  the 
moving  resultant  of  all  the  motions  considered.  This  is 
analogous  to  what  we  do  iu  all  physical  problems  dealing 
with  motion.  To  be  really  useful,  however,  our  hypothesis 
must  mean  that,  if  we  divide  the  visible  universe  into 
volumes,  each  containing  a  very  large  number  of  stars,  the 
resultant  of  all  the  motions  for  each  unit  of  volume  must 
be  the  same  in  velocity  and  direction  as  that  of  the  entire 


volume  made  up  of  these  units.  This  is  the  hypothesis 
which  has  been  adopted,  and  various  methods  of  compu- 
tation have  been  devised  for  its  practical  application. 
These,  precisely  like  the  theory  of  probable  error,  are  all 
necessarily  founded  on  the  antecedent  requirement  that  the 
number  of  motions  considered  must  be  very  large.  The 
formulas  are  only  rigorous  when  the  actual  apparent  mo- 
tions of  the  stars  are  parallactic  only,  due  simply  to  the 
motion  of  the  sun  among  the  stars.  Were  it  possible,  then, 
we  ought  to  prepare  for  the  determination  by  computing 
values  of  the  resultant  apparent  motions  of  the  stars  that 
might  be  considered,  in  each  instance,  fair  approximations 
I-  the  parallactic  motions.  To  expect  success  otherwise 
would  be  much  like  attempting  to  determine  probable  error 
of  the  mean  when  the  individual  determinations  are  affected 
with  large  mistakes.  The  means  for  accomplishing  this 
preliminary  approximation  have  been  pointed  out  and  illus- 
trated by  more  than  one  computer. 

If  in  any  area  of  sky  we  consider  a  large  number  of 
stars,  all  at  distances  from  the  sun  not  greatly  differing 
from  each  other,  it  is  obvious  that  the  mean  of  all  the 
motions  exhibited  by  the  separate  stars  will  tend  to  be  the 
measure  of  the  parallactic  effect  for  the  mean  distance  of 
the  stars  in  that  part  of  space ;  provided  that  the  re- 
sultant of  the  peculiar  motions  tends  toward  zero,  accord- 
ing to  the  law  of  probabilities,  and  under  the  consequent 
assumption  that  the  peculiar  motion  has  no  preference  for 
any  particular  direction.  The  crucial  questions  are,  then, 
what  limits  of  distance  can  be  included  in  a  single  combi- 
nation, and  how  shall  we  arrive  at  a  practical  criterion  for 
establishing  such  limits  ?  For  the  larger  proper  motions 
there  is  no  great  difficulty,  since  the  proper  motion  itself 
is  a  fairly  good  measure  of  relative  mean  distance.  For 
seven-tenths  of  all  the  stars,  it  may  be  assumed  that  the 
thwart  component  is  at  least  seven-tenths  of  the  entire 
motus  peculiaris.  For  only  one-tenth  of  all  the  stars  should 
the  motion  at  right-angles  to  the  line  of  sight  be  less  than 
o.44/i;, .  And  although  the  compounding  of  the  peculiar 
motions  with  those  of  a  parallactic  nature  complicates  the 
problem  as  to  an  exact  criterion  of  distance,  the  conditions 
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for  its  applicabilit  carcelj  less  favorable.     Thus, 

when  we  have  established  two  limits  of  proper  motion  in  a 
special  determination  of  the  position  of  the  solar  apex,  1 

think  \vi'  may  feel  confident  that  tli>>  greater  pari  of  the 
stars  considered  air  actually  within  tin1  limits  of  distance 
indicated  1  >\  rocals  of  the  limiting  means  of  proper 

■i.  ami  that  I  :  pari  oi   the  remainder  are  not 

those  limits.  But  when  we  pass  below  the 
limit  of  about  In"  tor  the  centennial  motions,  owing  to  the 
part  played  by  error  "I  observation,  the  application  of  this 

criterion  1 oes  increasingly   difficult,  until   lor  motions 

ir  ."•".  it  practically  fails.  Yet  it  is  precisely  upon 
if  this  elass  thai  we  must  eventually  rely  for  our 
most  trustworthj  determinations  of  the  precessional  and 
solar  motions,  because  it  is  only  in  this  class  that  we  find  a 
number  of  stars  sufficiently  great  to  afford  reasonable 
i  E  hope  that  the  motus  peculiaris  can  he  virtually 
eliminated. 

Fortunately,  the  brightness  of  stars,  considered  in  large 
ations,  also  affords  a  rude  criterion  of  distance,  un- 
llj   inferior  to  that  of  proper  motion  but  still  not 
without  value.     This  conclusion  is  consistent  not  only  with 
robabilities,  but  also  with  direct  evidence.     Con- 
sidering the  stars  in  a  general  way  the  mean  proper  motion 
diminishes  as  the  brightness  decreases.     Another  form  of 
proof  may    be  drawn   from  the   later  conclusions    of   this 

In  dealing  with  the  comparison  of  Stone's  Cape  Cata- 
logue with  the  Cape  Catalogue  for  1850,  we  may  assume 
that  the  mean  magnitude  of  the  stars  compared  is  not  far 
from  6M.5;  ami.  in  spite  of  rather  numerous  exceptions, 
that  the  lower  limit  of  magnitude  is  7M.0.  The  principle 
of  seh-i  ited  tends  to  exclude  all  centennial  proper 

motions  greater  than  25";  and,  although,  owing  to  errors 
of  observati'ei  man]  tars  of  somewhat  larger  proper  mo- 
tion have  been  included,  it  is  probable  that  an  even  larger 

i  ;    of  proper  motions  between  in"  and  25"  have  been 
we  may  assume  as  a  good  approximation 
pei    limit  of  the  centennial  motions  em- 
ployed.     Nov.  if  a  determination  of  solar  motion  lie  founded 
upon  stars  of  this  average  motion  we  shall  find  the    olar 
parallactic  motion,  M.  to  he  aboul  i'5"  x  0.(14  =  16".     Tins 
may  he  termed  the  secular  parallax  of  those  stars,  the  aver- 
age  proper  motion   of  which   is  25",  and  it  is  substantially 
what  has  been  nominally  found  by  actual  computation.     In 
ill   appear  later)  I  find  from  all  of  the 
stars  contained  in  the  comparison  cited:  M  ==  4.07.     We 
have  then  foi  ;  limit   of  distance  (.1/  =  In" 

the  unit  ..  0.62,  and  for  the  mean  distance  of  all  star-  i  i  n 
sidered,  2.46.      Assuming  for  the  stars  equal  distribution 
in  volume,  we  then  have  for  the  upper  limit  id'  distance  : 
|2(2.46'      0.62»)|i   -  3.0.      We  are  thus  led  to  the  VI 
able  conclusion  that  only  about  one-third  of  these  stars  lie 

Le  of  the  limits  of  distance,  2.0  and  .'!.()  :   and  that  less 
than  1  per  centum  are  i  limits,  l.n  and  3.0.      In 


all  strictness  this  is  probably  not  the  case,  but  it  is  evi- 
dent that  something  approximating  these  conditions  must 
prevail. 

In  a  more  refined  discussion,  employing  instead  of  two 
catalogues  all  that  are  available,  together  with  accurate 
observations  at  the  present  date,  it  would  be  easy  to  lix 
the  lower  limit  of  distance  with  all  sufficient  detinitctiess 
at  stars  of  centennial  motion.  15".  distance,  1.0.  If.  then. 
we  include  only  stars  of  the  seventh  magnitude,  or  brighter, 
we  may  be  reasonably  confident  that  for  the  great  majority 
of  the  stars  the  relative  distances  will  lie  included  between 
1.0  ami  3.0;  and.  under  such  circumstances  the  theoretical 
objections  against  the  very  convenient  method  proposed 
and  illustrated  by  Aii:y  would  practically'  disappear. 

The  inference  here  to  be  drawn  that  the  average  centen- 
nial proper  motion  of  the  most  distant  seventh-magnitude 
stars,  considered  in  masses,  is  about  4",  is  no  more  surpris- 
ing than  the  confirmatory  inference  which  can  be  drawn 
from  my  paper  upon  the  solar  motion  in  relation  to  faint 
stars  of  small  proper  motion  (A.J.  195-6).  In  that  paper 
I  find  for  stars  from  the  seventh  to  ninth  magnitudes, 
mean  magnitude  about  8M.5,  M  =  2".42,  corresponding 
to  a  proper  motion  of  about  4".  These  numbers  are  sub- 
stantially confirmed  by  Ristexpart  (  f'<  riifft  ntlichen,  Karls- 
ruhe, IV),  from  whose  researches,  corrected  to  conform  to 
the  systems,  3',  and  Blt  I  find,  M  =  3". ,3,  and  the  conse- 
quent centennial  proper  motion  about  5"  for  stars  of  mean 
magnitude  about  8". 5.  These  facts  appear  to  indicate  that 
nearly  all  the  stars  which  we  ordinarily  observe  with 
meridian-instruments  are  comparatively  near.  The  con- 
viction impressed  upon  me  through  prolonged  reflection 
upon  the  facts  may  be  more  definitely  presented  in  the 
following  hypotheses.  V.  The  sun  appears  to  be  situated 
within  a  star-cluster  of  tolerably  definite  outlines.  2°.  The 
dimensions  of  this  may  be  stated  by  estimating  the  annual 
parallax  of  stars  brighter  than  the  seventh  magnitude  to 
be  in  very  few  instances  less  than  0".003,  and  of  the  ninth 
magnitude,  less  than  (>".002. 

At  the  risk  of  repetition  I  remark,  again,  that  my  stvtdies 
upon  the  problem  of  determination  of  precessional  and 
solar  motion  have  led  me  to  the  conclusion  that  the  best 
point  of  attack  is  offered,  by  the  stars  brighter  than 
7". it.  after  excluding  stars  having  centennial  motion 
greater  than  10",  and  perhaps  also  stars  of  magnitudes 
above  the  fourth.  With  the  problem  so  limited  it  seems 
to  me  that  the  theoretical  difficulties  would  largely  disap- 
pear, and  we  should  have  some  hope  of  applying  a  test  of 
value  as  to  the  validity  of  our  fundamental  hypothesis. 

The  choice  of  material  suggested  in  the  preceding  para- 
graph aggravates  a  practical  difficulty  in  the  computation. 
Let  us  suppose  that  the  individual  determinations  of  proper 
motion  have  been  arranged  in  groups  of  fifty  or  more  in 
each.  The  means  of  these  motions  will  represent  observed 
parallactic  motion,  approximately.  Hut  combined  with 
this  will  he  th.-  residual  error  of  observation.     In  a  general 
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discussion  embracing  the  available  number  of  star-catalogues 
we  may  safely  rely  upon  the  practical  destruction,  in  the 
general  means,  of  errors  of  observation  that  are  purely 
casual.  The  case  is  different  with  the  systematic  errors, 
and,  as  I  have  already  shown,  these  may  be  large  enough 
to  belong  to  the  order  of  the  quantities  relied  upon  to 
furnish  the  observed  parallactic  motions.  It  is  precisely 
this  point  which  has  been  most  ignored  in  the  past,  though 
it  is  a  point  of  capital  importance. 

The  following  computation  is  not  offered  as  a  good  prac- 
tical illustration  of  the  foregoing  remarks  in  all  particulars, 
but  because  it  does  seem  to  illustrate  the  relative  impor- 
tance of  certain  elements  in  the  computation  with  unex- 
pected force.  Some  years  ago  when  the  Cape  Catalogue 
for  1850  was  published,  my  attention  was  attracted  to  the 
tables  on  pages  x  and  xiv  of  the  Introduction.  It  was  ap- 
parent that  a  large  part  of  the  quantities  there  exhibited 
was  due  to  the  parallactic  effect,  but  since  there  then  ex- 
isted no  standard  catalogue  of  Southern  Stars  adequate  to 
afford  the  means  for  determining  the  systematic  corrections 
due  to  Cape  '50  and  Cape  '80,  respectively,  there  was  no 
means  of  knowing  to  what  extent  the  quantities  in  Gill's 
tables  of  comparison  of  these  two  catalogues  were  due  to 
systematic  discordance,  and  to  what  extent  they  were  due 
to  parallactic  effects.  The  publication  of  my  paper  on  179 
Southern  Standard  Stars  (A.J.  448-450)  offered  an  oppor- 
tunity for  the  attempt  to  separate  these  two  effects.  Ac- 
cordingly I  corrected  the  means  in  Gill's  tables  for  the 
difference  of  systematic  corrections  due  to  Cape  '80  minus 
Cape  '50,  these  corrections  being  taken  from  the  tables  in 
A.J.  449.     Solving  then  b}'  Aiky's  method  I  obtained  : 

A  =  2i2°.9;     Z>=+43.4;     M  =  3".G8. 

The  indicated  correction  for  Stkuve's  precession  was 
-0".0214.  In  Dr.  Gill's  tables  the  differences,  C.  '80  - 
C.  '50,  are  combined  in  groups  of  four  hours  in  R.A.,  and 
this  greatly  impairs  the  use  of  the  means  for  a  discussion 
like  this.  Again,  these  tallies,  designed  mainly  to  exhibit 
systematic  differences,  included  the  stars  with  known 
proper  motion,  the  proper  motion  having  been  applied  to 
the  differences  for  those  stars. 

It  occurred  to  me,  therefore,  that  it  would  be  interest- 
ing to  make  the  differences,  C.  '80  —  C.  '50,  printed  in  the 
catalogue,  the  basis  of  a  new  discussion,  revising  those  in 
which  the  proper  motion  had  been  applied,  so  that  those 
stars  should  be  treated  exactly  as  Gill  has  treated  the 
other  stars.  The  individual  differences  were  then  collected 
into  means  covering  generally  two  hours  in  right-ascension 
and  18°  in  declination.  South  of  —54°  the  differences 
were  first  treated  in  sub-zones,  and  then  combined.  The 
improved  material  appeared  to  demand  closer  attention  to 
the  systematic  corrections  applicable  to  Cape  '50.  Mean- 
while, through  Albany  observations  and  others,  I  had 
become  aware  that  the  system,  L\ ,  of  the  1 79  Southern  Stand- 
ard Stars  required  revision  in  right-ascension.     The  results 


of  these  several  operations  described  in  A.J.  499  were  ap- 
plied in  the  new  investigation. 

The  essential  results  of  the  condensation  of  Gill's  com- 
parison for  individual  stars  into  mean  centennial  motions 
for  the  respective  areas  is  exhibited  in  a  succeeding  state- 
ment. In  order  to  convert  the  corrected  difference  of 
catalogues  into  centennial  motions  it  became  necessary  to 
ascertain  the  difference  of  epochs  for  the  several  zones. 
The  mean  epoch  of  Cape  '50  in  R.A.  is  1852.1,  and  in 
declination  it  is  1851.0.  Then  we  have  for  difference  of 
epochs 


Zone 
0°to    —18 

h                h 

0  to  12 

J  Epoch 
for  a         for  8 

27X)       2S'.0 

12  to  20 

26.4 

•JT.r, 

20  to  24 

25.5 

26.6 

IS  to   —36 

26.3 

27.4 

36  to  —54 

25.0 

26.0 

54  to   -72 

24.2 

25.3 

72  to  -85 

21.0 

22.0 

In  the  following  statement  the  first  two  columns  contain 
the  approximate  coordinates  of  the  respective  means.  For 
stars  in  .the  group  —72°  to  —85°,  these  are  the  means  of 
the  quantities  actually  used  in  a  and  8  equations.  The 
third  column  contains  the  corrected  da  cos  8  resulting 
from  the  combination  of  all  the  individual  values  of  Cape  '80 
minus  Cape  '50  for  the  trapezoidal  area  in  question,  and 
the  next  column  contains  the  corresponding  value  of  dh. 
The  number  of  stars  in  each  area  appears  in  the  fifth 
column,  and  this  is  always  somewhat  greater  than  the 
actual  number  of  separate  values  of  either  da  cos  8,  or  of  dh, 
owing  to  the  many  incomplete  observations  in  Cape  '50. 
The  sixth  and  eighth  columns  contain  the  values  of  the 
adopted  mean  centennial  motions  of  the  stars  in  the  several 
areas,  derived  from  the  numbers  in  the  third  and  fourth 
columns  by  means  of  the  table  of  difference  of  epochs. 
The  weights  adopted  in  the  final  solution  are  contained  in 
the  seventh  and  ninth  columns.  They  were  computed  in  the 
following  manner.  The  differences  from  the  mean  of  each 
separate  value  of  da  cos  8  and  d&  in  a  given  area  were 
treated  like  errors  of  observation.  Weight  unity  was  as- 
signed to  each  difference,  Cape  '80  —  Cape  '50,  except  when 
the  a,  or  8,  of  Cape  '50  depends  on  only  one  observation, 
when  the  weight,  0.6,  was  employed.  In  this  manner  the 
]in  pliable  error  of  a  single  da  cos  8  is  found  to  be  ±0".070 
=  ±1".05;  of  dh.  ±0".71.  The  probable  error  of  a 
centennial  motion  from  each  comparison  of  the  catalogues 
would  then  be,  for  the  mean  difference  of  epochs,  about 
±4".0  in  R.A.,  and  ±2".6  in  declination.  It  was  then  as- 
sumed that,  from  the  effects  of  uncorrected  systematic 
error,  star-drift,  etc.,  each  mean  of  the  table  is  also  further 
subject  to  a  constant  probable  error  of  about  one-fifth  the 
probable  error  of  a  single  determination  —  about  0".8  for 
da  cos  8  reduced  to  centennial  motion,  and  0".5  for  1B. 
The  unit  of  weight  in  da  cos  8  corresponds  to  about  nine 
determinations,  and  its  predicted  probable  error  is  approxi- 


164 


THE     AST  ltON'OMICAL     JOUliN  A  I.. 


N"   .-.(H 


mutely   ±T'.7.     The  tu  I*  corresponds  bo 

Eve  separate  determinations,  and  its  predicted  prob- 
rror  is,  approximately .    tl".4. 

Data  for  Construction  of  the  Conditional  Equations. 

smith     Corr'd.  Corr'd.  Centennial  Motion 

R.A.    Decl.    JocosS  J8         **    JocosSWt.        J8     Wt. 


29 
62 
86 
120 
1  is 
IT.". 
209 
240 
269 
301 
332 


61 
:U 
123 
150 
170 
I'll 
2  12 
270 
300 


0 
31 

(30 
92 
120 
1  17 
180 
210 
240 
271 
302 
332 

359 

31 

59 

90 

121 

150 

L80 

209 

241 

268 

301 

329 

358 

40 
80 

1  22 

154 
187 
225 
292 


s 

9 

8 
l  1 
in 
L0 
in 
L0 


359   28 
30   30 


i".i 
30 
29 
29 
30 
27 
28 
29 
27 


328   28 


45 
44 
13 
44 
45 
16 
16 
16 
45 
41 
45 
16 

62 
64 
62 
62 
61 
i;i 
62 
61 
61 
63 
63 
62 


79 
77 
77 
80 
79 
78 


+0.044 

+0.052 
+0.003 
-0.041 
-0.068 
-0.015 
-0.105 
0.060 
-0.095 
-0.010 
+  0.0G3 

-0.039 
+  0.030 
0.01  I 
-0.058 
-0.077. 
-0.067 
-0.074 
-0.1.77 
-0.048 
-0.030 
-0.014 
+  0.010 

+0.070 
+0.034 
+0.031 
-0.022 
-0.004 
-0.012 
-0.109 
-0.114 
-0.072 
-0.011 
+  0.038 
+  II.H71' 

+  0.041 
+0.031 

-0.021 

(I.IMIS 

0.000 
-0.006 
-0.064 
-0.035 

-0.020 
-0.019 

+  0.018 

- 12 

t-0.015 
-0.019 

•  0.01  l 
-0.004 
-0.066 
-0.047 
-0.005 
+0.068 
+  0.109 


-0.56 
-0.15 

+  n.  oi; 
0.44 
-1.01 
-0.98 
-o.os 
—0.89 
-0.41 
-1.27 
-0.63 
-0.46 

0.68 
-0.76 

-o..-,.-, 
-0.38 
-0.51 
0.22 
-0.94 
-1.17 
-0.83 
-0.98 

1  22 

-1.03 

-0.61 
-0.25 
+0.02 

+  0.11' 

-0.26 

-0.19 
-0.57 
-1.06 
-0.71 
-1.19 
—1.20 
0  98 

-0.40 
+  0.17 
+  0.21 
-0.27 
-0.24 
-0.22 
-0.34 
-0.61 
0.85 
-0.7:; 
-0.95 
-0.80 

-0.05 
+  0.22 
-0.10 
H  0.80 

+  o.l  | 

-0.16 

0.53 

-0.52 


13 
37 
39 
68 
35 
56 
IS 
13 
10 
10 
14 
24 

14 

17 

58 

94 

100 

49 

47 

53 

199 

223 

125 

61 

70 

81 

77 

120 

192 

87 

74 

70 

104 

89 

49 

64 

69 
70 
42 
59 
73 

130 
85 
48 

102 
62 
65 
70 


15 
11 
29 
13 
14 
19 
20 


+  2. 
+3, 


f-0.2      3 


-3 
-0 

-0 


— 0 

+  3 


+  1.7 
-0.8 
-3.3 
-4.3 
-3.8 
-4.2 
-4.4 
-2.7 
-1.7 
-0.8 
+  0.6 

+  4.2 
+  2.0 
+1.9 
-1.3 

-0.2 
-0.7 
-0.5 
-6.8 
-4.3 
-0.7 
+  2.3 
+  4.3 

+  2.5 
+1.9 
-1.3 
-0.5 
0.0 
-0.4 
-4.0 
-2.2 
-1.2 
-1.2 
+  1.1 
+  3.8 

+  1.1 
-1.4 
+1.0 
-0.3 
-4.7 
-3.4 
-0.4 
+4.6 


1 

1 
1 
1 
1 
1 
H7.8    0.5 


_2 

-0 
+  0 

-1 

-3, 


.1 


-1.5 
-4.7 
-2.3 
-1.7 

-2.5 

-2.8 
-2.0 
-1.4 
-1.9 
-0.8 
-3.4 
-  1.3 
-3.0 
-3.6 
-4.5 
-3.8 

-2.4 
-1.0 
+  0.1 
+  0.5 
-1.0 
-0.7 

2  2 

-4.1 
-2.7 
-4.0 
-4.0, 
-3.8 

-1.8 
+  0.7 
+  0.8 
-1.1 
-1.0 
-0.9 
-1.3 
-2.4 
-3.4 
-2.9 
-3.8 
-3.2 

-0.2 
+1.0 
-0.4 
+3.6 
+  0.6 
-0.7 
-2.4 
-2.4 
-1.3 


The  conditional  equations  were  constructed  from  well 
known  formulas  adopted  from  the  method  first  practically 
illusl  rated  by  Airy. 

a  Ik   +  bx  +  cy  +  dz  =    lu  cos  8 
a'/Jif,  +  //./■+  <•'//+  d'z  =    18 
In  which 

Itf,  =  Correction  of  Struve's  luni-solar  precession. 

X    =    .)/  cos  />  cos  A. 

y  =   M  cos  I>  sin  A. 

z  =    M  sin  J). 

a.  =   Obliquity  of  the  ecliptic. 

a   =   cos  w  cos  8  +  siu  <d  sin  8  sin  a. 

h    =    sin  a. 

c   =    —cos  a. 

,1   =    0. 

n'  =   sin  u.  cos  «. 

W  =   sin  8  cos  a. 

e1  =   sin  8  sin  «. 
<V  =    —cos  8. 


The  resulting  normal  equations  are  these 
For  E.A. 


+  64.7  J </,  -13.6a 
-13.6        +0,7.4 

-  2.3        +1.1 

For  declination. 

+  21.0./,/,  -35.1sc 
-35.1        +67.1 
+  1.8        -  4.4 

-  1.0        +   0.2 


-  2.3  y 

+   1.1 

+  07.1 


+    1.8  y 
-   4.4 

+  62.6 
+   0.5 


1.0  a 

0.2 

0.5 


+  139.0       = 


-  68.3 
+  10.3 
-209. 7 


+     1.2 

+  2.9 
-153.3 
+  406.1 


The  equations  from  R.A.  were  solved  in  combination 
with  the  fourth  equation  from  declination  ;  the  declination 
equations  were  also  solved  alone,  but  since  A\\i  in  them  is 
practically  indeterminate  as  to  x,  its  value  from  the  R.A.- 
equations  is  substituted ;  the  two  sets  of  equations  were 
added  and  this  gives  the  adopted  solution,  as  it  appears  in 
the  third  column  of  results  in  the  following  table. 


R.A. 

Decl. 

Both 

P.E. 

1<il 

-ITS 

-0^93 

±0^20 

X 

-0.03 

-0.82 

-0.31 

±0.16 

y 

-3.16 

-2.44 

—  2.82 

±0.15 

+  2.92 

+2.92 

+  2.92 

±0.15 

M 

4.30 

3.90 

4.07 

A 

269^3 

251°.4 

263°7 

±3?6 

D 

+  42.7 

+  4S.5 

+  45.9 

±2.8 

The  probable  error  of  the  unit  of  weight  as  it  results 
from  substitution  in  the  conditional  equations  is  ±1".68, 
corresponding  almost  exactly  to  the  predicted  probable 
error  of  the  weights  in  right-ascension. 

An  objection  which  may  be  fairly  urged  against  the  fore- 
going investigation,  aside  from  its  uncritical  character 
in  general,  is  that  the  centennial  motions  are  based  upon 
only  two  star-catalogues,  neither  of  them  ideal  as  to  accu- 
racy. A  still  more  serious  objection  is  the  small  mean 
difference  of  epoch  which  is  only  about  a  quarter  of  a 
century.  A  third  drawback  is  that  the  discussion  relates 
to  only  one  hemisphere. 
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It  will  be  found,  however,  that  accuracy  in  the  sense  of 
mere  casual  error  is  a  matter  of  minor  importance;  pro- 
vided the  number  of  stars  employed  is  very  great ;  for,  in 
order  to  extinguish  the  motus  peculiaris  there  already 
exists  the  necessity  of  employing  the  greatest  possible 
number  of  stars.  Under  the  circumstances,  however,  I 
was  not  prepared  to  find  so  high  a  degree  of  apparent  accu- 
racy in  the  solution,  because  of  the  short  interval  between 
the  two  catalogues.  Any  defect  in  applying  systematic 
corrections  appears  magnified  in  a  four-fold  degree  in  the 
mean  centennial  motions  ;  and  these  are  the  errors  most  to 
be  feared.  Moreover,  the  determination  of  the  systematic 
errors  of  these  two  catalogues  offers  unusual  difficulties 
as  I  have  explained  in  a  previous  article  as  to  Cape  '50. 
For  Cape  '80  I  have  adopted  a  mean  value  of  dSa,  though 
it  doubtless  differs  materially  for  the  separate  zones  of 
which  that  catalogue  is  made  up. 

In  order  to  get  rid  of  the  disadvantages  associated  with 
a  discussion  of  this  kind,  which  relates  to  one  hemisphere 
only,  it  occurred  to  ine  that  the  present  investigation  might 
be  combined  with  that  by  L.  Stkuve  (Best,  der  Count,  der 
Proec,  St.  Petersburg,  1887).  Dr.  Struve's  discussion  is 
based  upon  a  comparison  between  the  Pulkowa  Catalogue 
for  1855  with  Auwers-Bradley  for  1755.  No  systematic 
corrections  to  the  catalogues  were  applied.  "Whatever 
opinion  one  may  entertain  as  to  the  value  of  any  particular 
system  of  standard  stars,  one  must  admit  that  if  such  a 
system  represents  fairly  well  the  entire  course  of  observa- 
tions during  the  present  century  it  is  much  more  likely  to 
be  free  from  systematic  error  than  is  any  partial  system 
made  up  by  the  combination  of  two  catalogues  only.  The 
equinox  of  Newcomb,  A,,  though  published  many  years 
ago,  corresponds  very  well  with  the  best  individual  deter- 
minations of  the  equinox  throughout  the  century ;  as  has 
been  shown  during  the  past  few  years,  and  notably  in 
Newcomb's  researches  of  which  the  general  results  are 
presented  in  his  "Astronomical  Constants,''  pp.  88  and  96. 
The  correction  of  A^  is  there  given  as 

'T-1850' 


-08.005   +  0S.023 


100 


resulting  from  sun-observations.  By  combining  with  this, 
observations  of  Mercury  and  Venus,  Newcomb  makes  the 
correction  of  A\ 

+  0S.032  -0'.020' 


100 

It  may  well  be  doubted  whether  meridian-observations  of 
objects  like  these,  varying  in  apparent  form  with  varying 
illumination,  are  well  suited  to  the  determination  of  the 
position  of  the  equinox,  though  their  testimony  may  not  be 
wholly  without  value.  If  we  adopt  Ar, ,  then  all  of  Struve's 
centennial  motions  in  R.A.  require  the  correction  due  to 
Pulk.  '55  —  A.-B.  1755,  which  may  be  taken  as 
+  0.001  +  08.079  =  +  08.080 
As  to  the  writer's  system  of  declination,  Bl,  several  com- 
puters have  accumulated  much  evidence   during   the   past 


ten  years  to  show  that  it  approximates  very  closely  to  the 
weighted  testimony  of  observation  throughout  the  present 
century.  The  adoption  of  the  system  of  declinations,  B1} 
would  lead  to  the  following  corrections  of  the  means  of  In 
for  Struve's  zones. 


Zone        Mean  8 


Corr'n 


A 

—   7.5 

-1.66 

B 

+    7.5 

-1.66 

C 

+  22.5 

-1.67 

D 

+  37.5 

-1.48 

Zone 

E 

F 
G 


Mean  8 

+  52° 
+67 
+  80 


Corr'n 

-O.'l'S 

-0.49 
0.00 


The  discussion  of  terms  of  correction  of  the  form  .  A«„  and 
dag,  as  well  as  of  /8„ ,  would  carry  this  discussion  further 
than  my  opportunity  permits  at  present,  and  might  be 
regarded  as  scarcely  worth  while  unless  it  can  be  founded 
on  a  thoroughly  trustworthy  basis.  The  large  constant 
correction  in  R.A.  to  which  I  have  called  attention,  as  well 
as  the  still  more  important  correction  in  declination,  vary- 
ing according  to  declination,  might  be  supposed  to  cover 
the  most  important  part  of  the  correction  required  by  the 
comparison,  P.  '55—  A.-B.  1755.  I  have,  accordingly,  cor- 
rected by  a  summary  process  the  absolute  terms  of  two  of 
Struve's  normal  equations.  Each  of  the  absolute  terms  in 
Stkuve's  conditional  equations  in  R.A.  (p.  12  ff.)  requires  a 
correction  of  +1".2  cos  8.  Each  of  the  absolute  terms  in 
the  equations  for  declination  (p.  15  ff.)  requires  the  cor- 
rection for  the  corresponding  zone  as  shown  in  the  fore- 
going. For  the  present  purpose  we  may  assume  without 
serious  error  that  the  effect  of  these  constant  corrections 
will  practically  disappear  in  the  products  with  periodic- 
terms.  We  may  then  form  the  products  (cos  n>  cosfyXp! 
and  cos  Sxy'i-  for  each  zone,  plt  being  Stkuve's  adopted 
weights,  and  then  add  the  sum  of  the  first  set  of  products 
to  the  first  of  the  normal  equations  in  R.A.  upon  page  19, 
and  the  sum  of  the  second  set  of  products  to  the  last  equa- 
tion in  declination  on  p.  20.     We  get  for  the  value  of 

^[(cos<«cosS)(./«  cos  8)^]  ,   +101".56; 
and  for    A[(.  /8,i  cos  S)p1]  ,  +156".21. 

After  transformation  of  his  dn,  Struve's  equations  then 
become : 
For  R.A. 


=  -  92.28 
=  -  47.49 
=    -253.86 


+83.19  df   +17.06  a;  -   9.07  # 

+  17.06         +65.25  +   3.12 

-  9.07         +   3.12  +64.87 

For  declination. 

+ 10.03  Jy\,  +  9.20  x  -  0.66  y  -     3.06 z  =    -   3IK33 

+  9.20         +17.61  -   1.40  -     2.93  =    -   23.66 

-  0.66         -   1.40  +16.52  -     3.69  =    -   50.74 

-  3.06         -   2.93  -  3.69  +104.99  =    +384.46 
The  solution  of  these  equations  leads  to  the  following 

values  of  the  unknowns. 

R.A.               Decl.  Combined  P.E. 

_fy         -L53  -2^38  -1.54  ±0T7 

x         _0.13  +0.30  -0.20  ±0.18 

y,         -4.12  -2.36  -3.76  ±0.18 

z         +3.47  +3.52  +3.48  ±0.16 
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1/ 


5.39 

268  2 

+   in.  1 


1.24 


277 . 2 
•  56.0 


5.12 

207.0 
+42.8 


The  probable  error  of  the  unit  of  weight  in  R.  A.  is  ±1".09, 
and  in  decimation  ±1".38,  results  almost  identical  with 
those  found  in  the  discussion  of  Cape '80  -  Cape'50.  The 
appended  probable  errors  of  the  combined  solution  assume 
a  mean  probable  error  of  the  unit  of  ±1".60.  It  thus 
appears  that  the  combination,  Pulk.— Bradley,  founded  on 
2509  over  the  area,  —15°  to  +90°  of  decli- 

nation, is  of  \er\    oearly  the  same  weight  as  the  combi- 
nation, Cape  '80  —  Cape  '50,  founded  on  3587  stars,  extend- 
ing  over   the   Southern   hemisphere.     In    certain    respects 
tnial  motions  derived  from  a  26-year  period  ought  to 
have  a  weight  of  only  one-fifteenth  that  which  belongs  to 
those  deduced  Eromaperiod  of  100  years.     But  there  are 
bher  factors  of  great  importance.     In  the  first  place, 
the   weight    of   mean   centennial   motions   will  be  in  some 
measure  dependent  upon  the  number  of  stars  comprised  in 
those   means.      In   the   second    place  the   precision   of   the 
pend    in   a    \ery  large   measure  upon  the  pre- 
cision  of  the   systematic   corrections    applied.      I    see    no 
trom  the  conclusion  that  this  near  equality  of  weight 
between  the  results  for  the  two  hemispheres  is  to  be  ac- 
counted  tor  mainly  on  the  hypothesis,  that  the  much  greater 
weight  due  to  the  greater  interval  is  nearly  counterbalanced 
by  the   greater   weight  due  to  the  systematic    corrections 
ed    in   the   ease   ot    the   shorter   interval — this   too    in 
>|,ite  that  the  Cape  Catalogue  for  1850,  in  com- 

parison   with    most   star-catalogues   of   the   last    sixty  years, 
unusual   difficulties   as   to  the  ascertainment    of   the 
5  sternal  ic  correcl ions  applicable  to  it. 
It  is  vor\    plain  that  there  are   two  elements   in  the  influ- 
ence  which  error  exerts  in    the   solar-motion- 

element  of  error  is  inherent  in  the  standard 
star-positions  \>\  means  of  which  the  systematic  errors  of 
individual  star-catalogues  are  ascertained.     Assuming  the 

.  to  be  yirtuallj  free  fr srrors,  the  second  difficulty 

ining  the  systematic  error  of  the  individual 

I   le      s  must  necessarily  he  limited  to  the 

number  of  stars  in  the  standard  catalogue  common  to  those 

in  the  catalogue  to  be  compared;  and  the  accuracy  of  the 

result  will  further  de]  only  upon  the  numbei   of 

tie  i  haracter  of  t  he  catalogue 

compared,  as  to  whethi  capable  of  expres- 

:i  simple  formulas,  or   i  n    they  are   of 

mpl  tcated  oat  no-,     [f  tl  tic  ci  irrecl  ions  for  a 

rtained  and  applied  \\ ith 

four  I  Lttainable  for  an  older  catalogue 

then  in  the  former  case,  the  interval  be 

only  one-:  eat. 

(>1,\  t     is    desirable    that    the    diseussion 

should   not   be   limited  3,   since   it    ma\    he 

supposed  that  the  errors  in  the  application  oi   -•    tematic 


corrections  will  tend  toward  complete  compensation  in  pro- 
portion as  the  number  of  catalogues  employed  is  increased, 
leaving  finally  only  the  systematic  errors  of  the  standard 
catalogue. 

It    is  scarcely   necessary  here  to  call  attention   to  the 
alteration    of    L.  Stkuvk's    result    here    effected    almost 
wholly  by  the  application  of  systematic  corrections.     AVe 
have  for  the  quantities  which  decidedly  differ  : 
Si  in  vi:  Boss 

zty  -2M  -1.54 

M  4.36  5.12 

1)       +  27^3         +  42^8 

I  now  combine  the  investigation  of  Stkuve,  corrected  for 
systematic  error,  with  that  of  the  present  communication 
from  C.  '80  —  C.  '50.  The  two  sets  of  normal  equations 
are  of  practically  the  same  weight;  they  can  therefore  be 
combined  simply  by  addition.  But  they  do  not  relate  to 
stars  at  the  same  distance.  The  secular  parallax  of 
Struve's  stars  (mean  magnitude  6M.0)  is  5".12,  as  found  in 
the  foregoing;  and  of  the  Southern  stars  (mean  magnitude 
0M.5±)  it  is  4".07.  In  order  to  reduce  to  the  same  stand- 
ard the  absolute  terms  of  the  normal  equations  for  Cape  'SO 
—  Cape  '50  must  be  multiplied  by  5". 12  -+4".07  =  1.26.  In 
doing  this  the  unit  of  weight  has  been  altered  so  that  both 
members  of  the  equations  must  be  multiplied  by  0.631. 
We  then  multiply  the  left-hand  members  by  0.631,  and  the 
right-hand  members  by  0.794.  This  method  has  the  effect 
of  altering  the  value  of  Jxj/  from  Southern  stars,  but  is 
sufficiently  rigorous  as  to  the  other  quantities.  Proceed- 
ing in  this  manner  we  have  as  the  combined  normal  equa- 
tions, founded  on  6096  stars  from  the  north  to  the  south 
pole,  the  following : 

Equations  from  R.A.'s 

+  124.00. J,/*   +     8.49a;   -    10.51j/  =    -146.51 

+     8.49         +107.75      +     3.S1  =    -  39.31 

-  10.51    •    +     3.81      +107.24  =    -419.86 

Equations  from  declinations. 

-f    23.66^   -   12.94.1-   +     0.51  ,/    -      3.72a  =    -   29.38 

-  12.94         +   59.9o  4.10      _     2.82     =    -   21.36 
+      0.51          -     4.16      +    56.05      -      3.39     =    -172.25 

-  .",.72         -      2.S2       -     3.39      +192.72     =    +706.83 

The  indetermination  between  /It]/  and  x  in  the  equations 
is  now  practically  removed.  Using  the  fourth  declination- 
equation  with  the  right-ascensions,  we  have  the  following 
results  from  the  solutions. 


1x1 


i;.a. 

-  1  ,.2 
-o.lo 
-4.06 
*         +3.57 


Decl.       Combined 

-1.36 

II.::;, 

3.63 

+  3.57 


-0.91 
-0.59 
-2.89 
+3.59 


P.E. 

±o!l4 
±0.13 
±0.13 
±0.12 


1/ 


5.  in 


268.6 
+  41.3 


4.65 

■j.-s.l 
-  50.5 


5.11 

264°6 

+  H.i 


3.0 

1.9 
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We  may  estimate  from  the  method  of  combination  that 
the  value  of  Jxj>  is  too  large  by  about  0".09,  and  consequently 
that  the  most  probable  correction  of  the  luni-solar  precession 
for  1830  from  this  computation  is 


-0".oi: 


100 


This  is  very  nearly  the  direct  mean  of  the  two  solutions. 

The  agreement  of  the  solutions  in  R.A.  and  declination 
separately  treated  must  be  regarded  as  satisfactory.  The 
differences  are  certainly  no  larger  than  might  have  been 
anticipated  alone  from  uncertainties  in  the  application  of 
systematic  correction.  I  find  myself  strengthened  in  the 
conviction  that  the  only  road  toward  improvement  in  our 
knowledge  both  of  the  precessional  and  solar  motions  lies  in 
attention  to  the  systematic  correction  and  in  the  multipli- 
cation of  sources  from  which  to  draw  the  material  of  com- 
putation—  the  difference  of  epochs  of  the  star-positions 
compared  being  actually  of  no  more  concern  than  the  char- 
acter for  systematic  accuracy  of  the  positions  themselves. 

The  present  discussion  seems  to  add  very  materially  to 
the  weight  of  opinion  that  the  northern  declination  of  the 
solar  apex  cannot  be  much  less  than  40°.  It  is  usually 
estimated  to  be  somewhere  about  +30°,  or  less,  apparently 
because  a  succession  of  partial  investigations,  having  Brad- 
ley's star-positions  as  the  initial  point,  have  so  indicated. 
Evidently  the  best  and  most  comprehensive  one  of  these 
virtually  supersedes  all  the  others  founded  on  less  material 
of  exactly  the  same  kind. 

As  to  the  determination  of  precession,  it  is  of  interest  to 
note  that  the  right-ascensions  in  each  of  the  star-catalogues 
employed  are  derived  from  transits  by  "  eye-aud-ear." 
Since  the  weight  of  ..t\f/  comes  largely  from  Ju  cos  S,  this 
unity  of  method  may  be  regarded  as  a  distinct  advantage, 
in  the  absence  of  any  attempt  to  investigate  errors  of  tran- 
sit depending  on  the  brightness  of  the  star.  The  value  of 
IC>  obtained  from  the  declination-equations  seems  to  be 
entitled  to  some  consideration,  since  it  is  measurably  free 
from  any  assumption  as  to  A  and  L>.  We  have  for  the 
probable  error  of  J\j/  in  the  separate  solutions,  ±0".lo  and 
±0".37,  respectively,  in  R.A.  and  declination;  so  that  a 
difference  of  0".5S  in  the  two  solutions  does  not  appear  to 
raise  any  very  serious  question  as  to  the  assumptions  which 
underlie  the  computation,  though  it  is  certain  that  decided 
improvements  in  the  treatment  of  systematic  corrections 
are  still  possible.  On  the  whole,  this  investigation  appears 
to  encourage  the  hope  that  a  fairly  satisfactory  solution  of 
the  problem  of  precessional  and  solar  motion  is  attainable  ; 
that  the  theoretical  difficulties  are  not  necessarily  of  a 
serious  nature;  and  that  the  obstacles  of  a  practical  kind 
are  by  no  means  insurmountable. 

Of  determinations  of  solar  motion  which  are  analogous 
to  the  present  in  their  dependence  upon  the  testimony  oi 
stars  having  small  proper  motion,  there  are  two.  The 
mean  magnitude  of  the  stars  employed  in  these  is  aboul 


8".6.  One  of  these  investigations  is  that  of  the  writer 
(A:J.  195-6) ;  and  the  other  is  due  to  Dr.  F.  Ristexiwrt 
i  Veroffentlichen,  Karlsruhe,  Th.  IV).  I  have  corrected 
Dr.  Ristenpart's  investigation  to  conform  with  the  system 
of  declinations.  /»',.     We  then  have: 

.1/  .4  1) 


A.J.  195  6 
Karlsruhe 


2. 4 
3.3 


264 
294 


+  54 
+  44 


Since  each  of  these  determinations  is  based  upon  a  nar- 
row zone  of  stars,  there  may  be  rather  serious  objections  to 
their  validity.  But  it  is  a  somewhat  singular  fact  that 
nearly  all  these  limited  and  tentative  researches  upon  the 
solar  motion  cluster  about  a  certain  mean  value  of  the  co- 
ordinates of  the  apex  not  far  from  A  =  275°  ;  ])  =  +45°. 
Usually  the  differences  are  not  greater  than  are  easily 
attributable  to  the  probable  error  of  the  computation  from 
a  purely  numerical  point  of  view.  For  instance,  my  atten- 
tion was  attracted  to  Table  XI  in  the  Introduction  to  the 
Harvard  A.  Gr.  Zone.  It  seemed  to  me  that  these  tables 
exhibited  not  only  the  systematic  differences  between  the 
Harvard  A.G.  Zone  and  the  catalogues  with  which  it  was 
compared,  but  that  they  were  certain,  from  the  method  of 
derivation,  to  include  the  parallactic  motion  of  stars  of 
small  proper  motion,  usually  regarded  as  negligeable.  Ac- 
cordingly the  systematic  differences,  H.  —  Pi.,  H.  —  'lay., 
and  H  —  R.C.  '45.  indicated  by  N^  and  Blf  were  computed 
and  subtracted  from  the  quantities  in  Rogers's  Table  XI. 
The  residuals  were  assumed  to  show  the  effect  of  solar 
parallactic  motion.  The  choice  of  the  three  comparisons 
in  question  was  for  the  purpose  of  limiting  the  investiga- 
tion to  the  brighter  stars.  Proceeding  then  by  the  usual 
method,  I  obtained 


M  =  2".  4 


A  =  284° 


D  =   +  3c 


Thus  an  important  part  of  the  quantities  in  Table  XI  of 
the  Harvard  Zone-Catalogue  is  simply  due  to  the  parallactic 
motion  of  the  stars. 

In  the  appendix  of  his  Berlin  A.  G.  Zone-Catalogue 
Dr.  Auweks  has  published  comparisons  between  that  and 
star-catalogues  of  former  years.  In  order  to  make  a  com- 
putation, analogous  to  that  for  the  Cape  catalogues  and  the 
Harvard  Zone,  I  selected  l>r.  Auwers's  comparisons  of  his 
zone  with  the  catalogues  of  Pjazzi  and  Taylor.  Differ- 
ences, Ju  and  Jo,  which  seemed  to  indicate  a  proper  motion 
of  0".l  were  excluded.  The  values  of  Ja  and  J8  were 
then  made  approximately  conformable  with  the  systems, 
JS\  in  R.A.,  and  />',  in  declination.  The  solution  for  solar 
motion  gives 

M  =  3".8     ;     A  =  274°     ;     D  =  +21° 
For  both  the  Harvard  and  the  Berlin  Zones  it  was  assumed 
that   they   require  the   systematic    correction    due    to    the 
Fundamental-Catalog.     There  may  be  a  very  sensibli   erroi 
in  this  assumption. 

Incidentally  I  desire  to  call  attention  again  to  the  im- 
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portance  of  parallactic  drift  among  the  stars,  the  motions 
of  which,  individually,  are  usually  regarded  as  aegligeable. 

i his  point  inure  than  ten  years  ago 
in  A.-i.  L96;  bui  there  appears  to  be  n< ssitj  lor  repe- 
tition.    The  average  amount  of  this  parallactic  effect  maj 

proximately  expressed  in  the  following  formulas  of 

;  ion. 

+  0M0t  sin(«  +  S5°)secS 
For  8:         +1".6t  sin(a  +  5°)  sing— 1".9t  cos  8 
7  is  the  Era  i  century.     Obviously  it  will  not  do 

ositions,  reduced  to  the  present  date  from 
houl   i  !:'■  applicat  ion   of   proper  motion, 
qua!    to  those  assigned    to   good  modern 
Furthermore,  no  very  high  degree  of  refine- 
ment need  he  attempted   in  the  discussion  of   definitive 
orbits  of  comets  and  mil  .    I  anj  considerable  pro- 

i  of  the  stiirs  is  reduced  to  the  present  epoch  without 
application  of  proper  motion  from  epochs  even  no  more 
distant  than  those  of  the  A. (I.  /ones. 

i  oi   interest  to  compare  the  deductions  to  be 

d  in  tin.-  paper  as  to  the  coordinates  of  solar  motion 

with  some  of  those  deri\  ed  Erom  stars  having  comparatively 

proper  motion.     The  following  table  exhibits  the  re- 

■  aken  from  the  original  sources. 


Cot 
Bischof 

; 

It-  - 

1 


Porter  II 


Determination  or  the  Solae   Ana. 

-V  .1 


Stars 


Method 

\n 
Airy 


L037 

,.     ,  1063 

Kapteyn    1    .,..- 

56 


(34) 
14 

286 

us: 

+48 

+  42 

30 

280 

+  40 

61 

288 

+  32 

206 

285 

+30 

13 

283 

+  11 

u; 

I'M' 

+54 

30 

I'M 

+  40 

55 

285 

.  +34 

166 

277 

+  35 

,10, 

(20) 

(50) 

(200) 

281 
279 

273 

+  54 
+  4(» 
+  34 
+  44 

Bischoi   (Inaug.  I>i.<h.,  Bonn,   L884)  finds  from  tic  Ainv 
i  :     A  -  290  .8    ;     /'  -   +43  .5. 
-   i  Me    (A.N.  2999  3000)   proceeded  under  the  misap 
ion   thui    the  declination   system,    /-',,   is  identical 
with  A  B  or  1  755.     Est  imat  ing  I  he  c ,rrection 

ilne  to  this  oversight  I  should  substitute  for  his  numbers, 
1)    '•     lA  .     -    12  ,     J- 33  .   and     f-31 
ctively;  and   I  should  conclude  as  his  most  probable 
Coordinates  Of  the  apex  Iron,  all  the 

285      ;     D  =  +42 
M\  i  iution  (A.J.  213)  has  to  do  with  a  zone  of 

stars  only  4°  in  width,  and  is  open  to  theoretical  objections 


on  that  account.  Its  only  interest  arises  from  its  close 
accordance  with  more  extensive  investigations  less  open  to 
theoretical  objections. 

Porter's  first  investigation  (A.J.  270)  is  based  upon 
proper  motions  deduced  from  star-eatalogues  in  general,  but 
without  the  application  of  systematic  corrections.  The 
largest  errors  so  produced  ought  to  appear  in  the  groups 
containing  the  smaller  proper  motions.  I  consider  the 
mosl  probable  general  result  from  this  investigation  to  be 
A  =  281°  ;  I>  =  +45° 
In  his  second  investigation  (A.J.  497)  Professor  Porter 
applied  systematic  corrections  to  the  star-catalogues  from 
which  he  derived  his  proper  motions,  according  to  what 
system  does  not  appear.  He  also  applied  the  new  method 
of  Kapteyn.  Nevertheless  his  results  are  almost  identical 
with  those  from  his  first  investigation.  Where  the  proper 
motions  are  deduced  from  all  available  star-catalogues  the 
systematic  errors  tend  to  compensate  each  other  to  a  cer- 
tain extent ;  though,  for  the  fainter  stars,  the  main  reliance 
for  the  older  epochs  will  be  the  observations  of  Piazzi,  and 
the  zone-observations  of  Lalaxih:  and  Bessel,  all  of  which 
are  subject  to  very  large  systematic  errors.  I  conclude 
Erom  Porter's  second  investigation, 

A  =  279°  ;  1>  =  +46° 
This  result  differs  from  that  which  Professor  Porter  recom- 
mends. He  assigns  double  weight  to  the  group  which  has 
the  smallest  proper  motions.  If  I  were  to  make  a  differ- 
ence in  the  weights  it  would  be  in  favor  of  the  second 
-roup,  which  actually  contains  more  stars.  For  that  group. 
also,  any  defect  in  the  application  of  systematic  corrections 
would  be  less  harmful.  If,  as  appears  probable,  Professor 
Ported  has  applied  the  corrections  necessary  to  reduce  his 
stars  to  the  system  of  Dr.  Auwers,  the  substitution  of  />', 
in  place  of  Auwers,  would  increase  the  values  of  I),  especi- 
ally for  the  first  two  groups,  carrying  the  first  to  +56°, 
perhaps.  Professor  Porter  has  apparently  taken  no  ac- 
count of  a  hypothetical  correction  of  the  adopted  coefficient 
of  precession,  and  this  may  have  influenced  his  result  in  a 
slight  degree,  though,  of  course,  the  larger  the  proper 
motions  dealt  with,  the  less  proportional  effect  would  be 
■  lac  to  the  neglect  of  preeessional  correction. 

From  the  consensus  of  all  the  investigations  the  results 
for  solar  motion  may  be  presented  in  the  following  form. 


.1 


D 


27!> 

+49 

265 

+  44 

280 

+  4o 

Stars 

Small  motions,  8". 5 
Small  motions,  6M.0 
Large  motions 

from  these  I  should  adopt  as  the  most  probable  coordi- 
nate   of  the  solar  apex, 

A  =  27o°     ;     D  =  +45 
This   is  a   point  about  7°  in  a   northwesterly  direction  from 
K  Lyrae. 
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THE     EFFECTS     OF     SECULAR    COOLING    AND    METEORIC     DUST     ON     THE 
LENGTH    OF    THE    TERRESTRIAL    DAY, 

By  R.  S.  WOODWARD. 


1.  Historical  note.  In  the  fifth  volume  of  the  Mecanique 
Celeste,  Laplace  lias  devoted  a  chapter  to  an  investigation 
of  the  effect  of  secular  cooling  of  the  earth  on  the  length 
of  the  sidereal  day.*  He  reaches  the  important  conclusion 
that  the  day  has  not  changed  in  length  appreciably  from 
this  cause  during  the  past  two  thousand  years.  This  con- 
clusion has  been  quoted  often  in  popular  and  semi-popular 
works,  but  it  does  not  appear  that  any  one  has  sought  to 
do  more  than  to  verify  the  formulas  to  which  Laplace 
arrives  after  having  adopted  assumptions  which  seem  quite 
inappropriate  and  approximations  which  are  quite  un- 
necessary.! 

Stated  briefly,  the  problem  which  Laplace  set  out  to 
solve  is  this:  Assuming  (1)  that  the  entire  mass  of  the 
earth  was  initially  of  a  uniform  excess  in  temperature 
above  that  of  surrounding  space;  (2)  that  it  cools  by  a 
process  of  conduction  to  and  radiation  from  the  surface 
such  that  the  diffusivity  and  emissivity  are  each  constant; 
(3)  that  the  cubical  contraction  of  the  mass  is  constant; 
what  then  will  be  the  effect  on  the  length  of  the  day  of  secu- 
lar cooling  and  consequent  contraction  of  the  earth's  mass? 

Analytically  Laplace's  solution  of  this  problem  is  cor- 
rect and  complete.  His  method  of  treatment  is  similar  to 
that  which  he  applied  with  such  great  success  to  the  prob- 
lem of  the  figure  of  the  earth  ;  and  the  striking  analogies 
of  the  analysis  in  the  two  problems  led  him  to  remark 
justly  —  "J'ose  esperer  que  /es  geometres  verront  avec 
quelque  interet  cette  nouvelle  application  de  V analyse  par 
laquelle  j'ai  determine  la  figure  des  corps  celestes  et  la  loi 
de  la  pesanteur  a  leur  surface." 

*  De  la  chaleur  de  la  terre  et  de  la  diminution  <b  in  duree  </»  jour 
par  son  refroidissement.     Chapitre  IV,  Livre  XI,  Mecaniqut  ''<  Ji  sti . 

f  Some  features  of  the  mathematical  work  of  Laplace's  investi- 
gation are  reviewed  by  Toimuxteii,  History  of  the  Mathematical 
Theories  of  Attraction  mid  the  Figure  of  the  Earth,  Vol.  II.  pp.  346- 
348.  Laplace's  conclusion  as  to  the  minute  effect  of  secular  cool- 
ing on  the  length  of  the  day  in  historic  times  appears  to  the  casual 
reader  to  be  strengthened  by  a  brief  collateral  investigation  of  Plana 
in  a  Note  "  Sur  la  densite  moyenne  de  lYeorce  superneielle  de  la 
terre,"'  Astronomische  Nachrichten,  No.  S2S.  1852. 


The  fault  to  be  found  with  Laplace's  treatment  of  the 
problem  is  not,  therefore,  with  his  generalities,  but  rather 
with  the  details  of  his  application  to  the  actual  case  of  the 
earth.  When  he  comes  to  this  application  he  makes  the 
unnecessary,  and,  as  it  appears  to  me,  inappropriate  ad- 
ditional assumption  that  the  earth  is  in  the  last  stages  of 
cooling.  This  simplifies  the  calculation  very  much,  but  it 
ignores  the  interesting  questions  of  the  effects  which  take 
place  during  the  earlier  and  intermediate  stages  of  cooling, 
and  of  the  total  effect  that  may  result  during  the  entire 
process  of  cooling.  Laplace's  application  is  vitiated  also 
by  the  undue  importance  he  attaches  to  the  role  of  tin- 
atmosphere  and  oceans  in  the  process  of  secular  cooling  of 
the  earth.  In  common  with  his  eminent  contemporaries, 
Fourier  and  Poisson,  Laplace  seems  to  have  entertained 
the  view  that  the  conduction  of  heat  from  the  interior  of 
the  earth  to  its  surface  is  controlled  by  the  atmosphere  and 
oceans.  Hence  it,  appeared  essential  to  him  to  take  strict 
account  of  Fourier's  "surface  condition,"  although  his 
observational  data  for  that  condition  are  not  only  meagre 
but  probably  untrustworthy. 

2.  Object  of  present  investigation.  Assuming  the 
same  conditions  as  those  of  Laplace,  stated  above,  the 
following  paper  extends  his  researches,  and  shows  how  to 
determine  the  effect  on  the  length  of  the  day  of  the  cubical 
contraction  of  the  earth  during  any  portion  of,  or  during 
the  entire  history  of,  the  process  of  secular  cooling.  It 
appears  from  the  work  below  that  Laplace's  conclusion  as 
to  the  imperceptible  effect  of  such  cooling  during  the  past 
two  thousand  years  will  apply  equally  well  to  any  such 
limited  period  of  time  in  the  history  of  cooling  quite  irre- 
spective of  the  "  surface  condition."  On  the  other  hand, 
it  is  shown  that  the  effect  which  may  accrue  in  the  entire 
history  of  cooling  is  very  noteworthy,  amounting,  possibly, 
in  the  case  of  the  earth,  to  as  much  as  six  per  cent,  in  the 
length  of  the  day.  A  final  section  of  the  paper  is  devoted 
to  the  allied  question  of  the  lengthening  of  the  day  due  to 
accumulations  of  meteoric  dust. 
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;;.  Theory  of  cooling  sphere.  For  tin'  mathematical 
theory  of  a  sphere  cooling  under  the  conditions  here  as- 
sumed I  may  refer  to  two  papers  published  by  me  in  the 
Annals  of  Mathematics,  1887.*  It  will  be  essential  hen-. 
therefore,  to  give  onlj  so  much  of  that  theorj  as  is  perti- 
nent to  the  presenl  application. 

■   denote    the    radius,   and    u    denote    the    excess    in 

above   that   of   external    space,   at    any  time   t 

after   the   initial   epoch,   of  any  stratum.      Itt  /•-'-//■.     of  the 

Lei  the  diffusivity  of  the  mass  of  the  sphere  be 

;  !.\  ,.-.      Phis  is  the  quotient  of  the  conductivity  of 

the  mass  by  its  thermal  capacity,  and.  as  explained  above, 

IS  assumi  d   bO  be  the  same  for  all   parts    Of    the  mass    of   the 

for  all  temperatures.     Then  these  quantities 
ted  by  the  partial  differential  equation 


(1) 


<>  in/)  ,1-u-l,} 

— -. — —  =   or  —  -    - 


and  the  solution  of  the  problem  id'  the  law  of  cooling  con- 
i  finding  the  value  of  i  rn  i  from  this  equation  subject 
to  the  following  conditions. 

>       ing        the  initial  uniform  excess  in  temperature  of 
the  spl  ere  above  that  of  surrounding  space, 

ru    =    ru0     for     t   =   0 

and  in  oi'der  that  u  may  not  be  infinite  for      r    =    0, 


=    0       for 


=    (I 


In  addition  to  these  two  relations  which  the  integral  of 
;  ere  is  a  third  relation  which  defines  the 

emissio  il  tin-  surface  of  the  sphere.     Let  A"  de- 

note the  conductivity,  and  //  the  emissivity  of  the  mass  of 
ihere      Then,  a1  all  points  of  its  surface,  the  rate  at 
which  'ma!   is  conducted  thereto  must  be  equal  to  the  rate 
at  which  heat  is  carried  away  therefrom,  or.  in  accordance 

with   I'm   BIER'S  theoty  . 

Hu 


This  is  Fourier's  "surface  condition,"  to  which  he  and  his 

contemporaries   attached   quite    undue   importance   in  the 

of  the  earth.     Calling  r  the  radius  of  the  surface  of 

noting  for  brevity     h  =  HIK,     this  con- 

the  form 


' 


9(ru) 


+  (rh-\)u  =  0     for     /•  =  0 


Now    it    is    readily    found,  as    first    shown   by  Foritnat.t 
that  1 1  !.  (3  i  and  .  1  >.  an-  satisfied  by 

*  On  the  free  cooling  of  a  >us  sphere;   and  on  the  con 

ditioneil  cooling  and  cubical  contraction  of  a  homogeneous  sphere, 
:/  Mathematics,  Vol.  III.   pp.  7."i  88,   1l".i   14-1. 

\Th6orU  Analytic  deur,  Paris,  1822. 


-1 


r„ 


sin  X„  r 


(■r>) 


if   the    successive    values    of   A„  are    determined    from    the 
equation 

'■„K+  (r,A-l)tanr,A,  =  0  (G) 

and  the  condition  (2)  is  also  satisfied  l,\  (5)  if  the  values 

ot    '     are  found  from 


■».  -  2  o. 


(") 


which  is  what  (5)  becomes  when     /  =  (>. 

Thus  far  everything  is  easy.  But  when  it  is  essential 
to  apply  (5}  one  must  encounter  the  difficulty  presented  by 
equation  (6),  which  is  transcendental  in  r0\n.  It  is  this 
difficulty,  perhaps,  which  led  Laplace  to  limit  (5)  to  its 
first  term  in  his  application  to  the  earth.  PoiSSON  carried 
the  elaboration  of  (5)  a  step  further  without,  however,  at- 
taining a  much  more  tractable  formula.*  It  was  at  this 
point  that  the  problem  contained  in  (5),  (6),  (7)  was  talon 
up  in  the  second  of  my  papers  referred  to  above.  The 
modification  introduced  is  specially  applicable  to  the  con- 
ditions of  the  present  investigation,  and  may  therefore  be 
briefly  outlined  here. 

It  is  seen  from  equation  i  h  or  (6)  that  rh  must  be  a 
number,  or  that  h  must  be  the  reciprocal  of  a  length.  Put 
»•  =  llrh      and      Bn  =  r0\n.      Then  Mil  may  be  written 

(l-a:)tan0n  =   -x6n  (8) 

Now.  since  for  the  earth  r0  as  expressed  in  ordinary 
units  is  large,  and  since  I,  in  the  same  units  is  not  very 
small.  .'■  must  lie  a  small  number.  From  certain  observa- 
tions made  at  the  Paris  Observatory,  Poisson  concluded 
that  for  the  earth  in  that  vicinity,  h  is  a  little  greater  than 
1,  using  the  metre  as  unit  of  length.!  This  would  make  x 
about  1/6300000. 

Thus  it  appears  advantageous  to  express  the  solution  of 
(5)  in  two  parts,  one  independent  of.  and  the  other  depend- 
ent on  the  small  quantity  .e ;  or,  in  other  words,  to  develop 
(5)  as  a  function  of  x  by  Maclaurin's  series.  Herein  con- 
sists the  modification  carried  out  in  detail  in  the  papers 
referred  to.  If  the  solution  is  symbolized  by  S,  it  is  seen 
at  once  to  take  the  form 


=  5  =  &  + 


+  • 


(9) 


■  TMorii  Mathimatiqxu  de  la  Chaleur,  Paris,  1835.  Poisson's 
solution  is  given  also  in  Riemann's  Partielle  Differentialgleichungen 
mi-/  deren  Anwendungen  avf  Physikalische  Fragen.  HattendorfPs 
edition,  1882. 

t  Theorit  Mathematiqut  de  la  Chaleur,  p.  602.  The  value  given 
for  li  is  1.05719.  Ii  is  plain,  however,  thai  this  cannot  applj  with  a 
I ision  indicated  by  so  raanj  significant  figures  to  the  entire  sur- 
face of  ti arth.     l!ut  it  seems  to  have  escaped  the  attention  of 

Poisson  that  h  might  i»j  a  thousand  times  as  great  as  the  above 
value  h  it  limit  sensibly  affecting  tin'  secular  cooling  of  the  earth. 
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wherein  the  suffix  zero  signifies  that  the  value  of  the  quan- 
tity to  which  it  is  attached  is  to  be  taken  for     x  =  <). 

This  method  of  treating  the  problem  simplifies  the 
expression  of  (5)  very  much,  especially  for  the  circum- 
stances presented  by  the  earth.  For  when  x  =  0,  equa- 
tion (8)  shows  that  6„  =  n-ir,  whence  .!>„,  or  the  part  of 
(.">)  independent  of  x,  is 


(10) 


i  -  =*Z 


&  = 


(-i)b+\,-.>m 


This  represents  the  complete  solution  for  what  I  have  called 
the  case  of  free  cooling;  while  the  solution  for  the  case  of 
conditioned  cooling  is  given  by  (9)  when  x  <1. 

A  method  of  deriving  the  differential  coefficients  —  ,  etc., 

,).r 

which  appear  in  (9),  is  explained    in    the   second  of  the 

papers  cited :  and  a  numerical  example  for  the  case  of  the 

earth  is  there  worked  out  on  the  supposition  that 

x  =  1/1000 

From  this  example  it  appears  that  even  for  so  large  a  value 
of  x,  which  is  probably  a  thousand  times  as  great  as  it 
ought  to  be  for  the  actual  circumstances  presented  by  the 
earth,  the  error  which  arises  from  the  neglect  of  the  terms 
of  (9)  in  x  is  less  than  one  per  cent.  My  conclusion  is, 
therefore,  that  for  the  earth  the  solution  (10)  is  quite  as 
precise  as  is  required  by  the  data  of  the  problem.  Geo- 
logically this  conclusion  is  very  important,  for  it  means 
that  the  internal  heat  of  the  earth  escapes  as  if  the  earth 
had  neither  atmosphere  nor  oceans.  Or,  to  state  the  fact 
in  another  way,  it  may  be  said  that,  since  the  atmosphere 
and  oceans  are  capable  of  dissipating  a  thousand  to  a  mil- 
lion times  as  much  heat  as  is  conducted  to  the  surface  of 
the  earth  per  unit  time,  they  oppose  no  sensible  obstacle  to 
the  secular  cooling. 

For  the  special  application  which  is  the  primary  object 
of  this  paper  it  is  convenient  to  have  (»<,—  ")  rather  than 
rn  as  given  by  (10).  By  making  t  =  0  and  t  =  t  in 
(10),  and  taking  the  difference  of  the  results  there  is  found 

(11) 
r(v 


.«)  = 


'(-l)"+1j 


4.     Effect  of  contraction  on  speed  of  rotation  of  earth. 

As  the  earth  contracts  its  moment  of  inertia.  1.  say,  with 
respect  to  the  axis  of  rotation  diminishes;  and.  in  accord- 
ance with  the  law  of  conservation  of  moment  of  momentum, 
the  angular  velocity  w.  say.  must  simultaneously  increase 
in  such  a  way  as  to  render  the  product  Iu  constant.  Or,  if 
t  denote  the  time  of  rotation  of  the  earth  at  any  time  t 
when  the  moment  of  inertia  is  I, 

I  —    =    C,  a  constant 


If  the  corresponding  values  of  i"  and  t  for     t  =  0     be 

designated  by  /0  and  t0, 

o  _ 
I  —  =   C 

'o 
and  by  a  combination  of  this  with  the  previous  equation 
there  results 

To-T  _    <5t  =    /„— J  _    8/  „2- 

To  To  7o  Jo 

It  is  now  required  to  express  the  variation  of  the  moment 
of  inertia  of  the  earth,  I,  in  terms  of  the  time  t  after  the 
initial  epoch.  At  any  such  time  let  p  be  the  density  of  a 
stratum  iir  >■'■  d  >■  at  a  distance  /•  from  the  center,  p  being 
a  function  of  )•  to  be  assigned  later.  Then,  denoting  lati- 
tude and  longitude  by  cp  and  A  respectively,  and  the  radius 
of  the  earth's  surface  by  r. ,  the  moment  of  inertia 

r„  +.t  2lr  T 

1=    CPtAdrC  cos3<i<ty  CdX  —  ^  rpr*dr        (13) 


By  means  of  this  result  equation  (12)  becomes 
S  l'prldr 


l'piAdr 


(14) 


wherein  it  is  to  be  observed  that  p  and  r0  which  appear  in 
the  integrations  of  the  second  member  are  to  have  values 
corresponding  to     t  =  0. 

To  get  the  variation  of  the  integral  in  the  numerator  of 
the  second  member  of  (14),  observe  that  the  mass  of  any 
stratum  remains  constant,  or  that 

4jrp  r-ilr  —  constant  (15) 

Thus, 

ifpr*dr  =  &J\p)"dr)r-  =  2fpr*dr8r  (16) 

The  value  of  hr  which  appears  in  this  equation  is  the 
diminution  of  the  radius  of  any  stratum  due  to  the  cubical 
contraction  of  the  mass  below  that  stratum.  If  8u  denote 
the  fall  in  temperature  of  any  stratum  up  to  the  time  t, 
and  c  denote  the  cubical  contraction  per  degree  of  tempera- 
ture, 


4?r  r'-or  =  4-Tre/  Si(  r'-dr 


whence 


S»- 


-*J 


6tt  r:dr 


(17) 


Laplace's  method  of  getting  this  result  is  less  direct, 
but  very  instructive,  and  the  substance  of  it  is  worth  repro- 
ducing here.     It  is  equivalent  to  this  :    From  equation  (15) 
8  (prVr)  =  r-dr  Sp  +  p8  (r*dr)  =  0 


whence 


8(r2dr) 


■  r^dr  — 
P 
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erms  of  I  he  order  (8>-y- 

&(t*dr)  =  d(f&r) 


and  hence 


■■Sr  =   -    Cr 


Ur* 


V'      :  he  volume  of  any  mass  of  density  p,  rp  = 

constant,  and 

8p  Sv  tr8u 

p  V  v 

Substitute   this  value   in  the   above   equation   and  the 
value  i-ri\  en  bj  (17)  results. 

Making  use  of  equations  (16)  and  (17),  (14)  becomes 


(18) 


2tfprdrjlu  r*dr        2e/Su  r'drfprdr 


fpr*dr 


fpr*dr 


Laplace  gives  the  firsl  only  of  these  two  equivalent 
forms.  In  deriving  his  formula  he  does  not  assign  the 
limits  of  the  integrations.  In  his  subsequent  application, 
however,  he  says  "On  a  ensuite,  en  integrant  depuis  r  mil 
jus,]'  a  /■  =  «"(«  =  r0).  Bu1  instead  of  doing  so  he  in- 
verts the  order  of  integration,  and  proceeds  as  required  by 
t  he  lasl  member  of  (18). 

.">.     Aggregate  effect  of  secular  cooling  on  length  of  day. 

•  ■  proceeding  to  introduce  the  value  of  &n  given  by 
equation  (11),  and  without    assigning   any  law  for  the  dis- 

bion  of  density  p,  it  is  possible  to  draw  from  (18)  a 
remarkably  simple  expression  for  the  shortening  of  the  day 
due  to  the  entire  dissipation  of  the  earth's  heat.  Thus, 
when  t  =  co  in  (11),  8re  =  «0,  the  initial  uniform  ex- 
cess of  the  temperature  of  the  earth's  mass  above  that  of 
surrounding  space.  Placing  this  value  of  hi  in  (18)  its 
second  member  gives  at  once 


L9 


It  is  surprising  that  this  result,  which  is  obvious  when 

the  limits  in  the  second  member  of  (18)  are  assigned,  should 

attention  of  Laplace.     It  is  still  more 

surprising,  perhaps,  that  tins  result  shi  uld  lie  independent 

of  the  law  of  distribution  of  density  in  the  sphere. 

A   n  i      mple  might   to  be  confirmed  bj  an  equally 

simple  demonstration.  Here  is  one  which  does  uot  depend 
on  equation  (IN).  Let  /■'„  denote  the  radius  of  the  sphere 
after  I-  -  complete,  or  after  it   has  fallen  in  tem- 

perature by  »0  degrees.     Then 

(        1       N 

'•'o  =   'o  (^  -  3  "o£J 

Recurring  to  equation  (13)  it  is  seen  that 


2   r  2  C 

/o  =  _  |   r3(<LwPr*dr)  =  .,  J   r^dM 

if  .1/ denote  the  mass  of  the  sphere.  Heuce  if  /  be  a  suit- 
able factor 


I«  =  lfrJI 


(&) 


where  fr0  is  the  radius   of  gyration   of  the  sphere.      Simi- 
larly, after  contraction,  the  moment  of  inertia  is 


I  =  of^M 


(0 


Inserting   (b)   and   (c)   in    ill')   and   observing   (re),  there 

results 

*  =  !-[ 


3    ° 

to  terms  of  the  order  neglected,  which  is  the  same  as  (19). 
To  get  an  idea  of  the  magnitude  of  the  change  specified 
by  i  L9)  in  the  case  of  the  earth,  it  may  be  assumed  that  w0 
cannot  have  been  greater  than  3000°  C. ;  and  that  a  proper 
value  of  t  is  3  X  10-5,  which  is  about  that  of  iron.  With 
these  values  (19)  gives 


-   =  -X  3000  X  3  X  10-° 


6 

loo 


From  this  it  follows  that  in  the  entire  history  of  secular 
cooling  of  the  earth  the  day  may  be  shortened  from  this 
cause  by  something  like  six  per  cent,  of  its  initial  length. 

6.  General  expression  for  the  effect  of  secular  cooling  on 
length  ofday.  It  is  evident  from  the  preceding  investi- 
gation that,  quite  contrary  to  the  view  entertained  by 
Laplace,  and  after  him  by  Plana,  the  law  of  distribution 
of  density  in  the  earth  plays  a  very  unimportant  role  during 
the  later  stages  of  cooling  in  modifying  the  length  of  the 
day.  It  will  be  of  interest  therefore  to  determine  what 
may  happen  under  the  assumed  conditions  during  the  earlier 
and  during  the  intermediate  stages  of  cooling.  This  re- 
quires the  introduction  of  Sre  from  equation  (11)  in  (18), 
and  the  assignment  of  the  density  p  of  any  stratum  as  a 
function  of  the  radius  of  that  stratum. 

In  Ins  calculation  Laplace  adopts  a  law  according  to 
winch  the  density  increases  in  arithmetical  progression 
from  the  surface  to  (he  center  nf  the  earth.  It  is  not  a 
matter  of  great  importance  what  law  of  density  is  adopted; 
but  in  order  that  the  problem  may  be  worked  out  in  ac- 
cordance with  the  most  plausible  hypothesis  applicable  to 
the  earth,  1  have  made  use  of  Laplace's  favorite  law  of 
density,  namely  : 

(20) 


/■0  sin  «/• 


wherein  p.  is  the  density  at  the  earth's  surface,  rand 


N°-  502 


THE     ASTRONOMICAL     JOURNAL. 


17.", 


have  the  same  meanings  assigned  above,  and  a  is  a  con- 
stant.* 

Before  applying  this  more  probable  law  of  density,  it 
will  be  instructive  to  set  down  the  results  given  by  equa- 
tion (18)  for  the  simplest  case,  namely,  that  of  constant 
density.  Thus,  using  both  methods  of  integration  specified 
by  (IS),  it  is  found  from  the  first  that 

St         60  u.t  '^  1    L  -,  ,  ) 

(21)     *"^§*r^    I 

and  from  the  second  that 


(22) 


St   =    20«D€V7/_1    _     (i    \   j   1 


The  equivalence  of  these  two  results  is  easily  established  if 
not  at  once  evident.  It  may  suffice  here  to  show  that  they 
each  reduce,  as  they  should,  to  (19)  when  t  =  oo .  This 
is  seen  at  a  glance,  for  in  (21  i 


'.Ml 


and  in  (22) 


6 

TT-II 


Id 


Making  use  now  of  (11)  and  (20)  in  (18),  and  writing 
for  brevity 


(23) 


and     fi  = 


there  results  for  the  change  in  the  length  of  the  day  at 
any  time  t  after  the  initial  epoch  the  following  formula  : 

(24) 

6t 


(««-)8») 


.+ 


iyCOty    )      \ 


-l?,r 


3^j/-2  +  (2y-Jy»)COtrj 

In  this  formula,  which  is  rather  repulsive  by  reason  of 
its  complexity,  dependence  on  distribution  of  density  ap- 
pears only  through  the  constant  y.  Assuming  the  ratio  of 
the  surface  density  to  the  mean  density  of  the  earth  to  be 


*The  Laplacian  distribution  of  density  p,  stress  p,  and  potential 
V,  in  any  spherical  mass  may  be  compactly  specified  by  the  three 
following  equations  : 

dp  =  pdV,     and     dp  =  cpdp 

The  first  of  these  is  Poisson'S  equation,  k  being  the  gravitation 
constant.  The  second  is  the  hydrostatic  law  :  and  the  third,  in 
which  c  is  a  constant,  is  Laplace's  celebrated  hypothesis  so  plausi- 
bly set  forth  in  Chapitre  I,  Livre  XI,  of  the  '/•  caniqiu  '  •  It  sti .  The 
constant  a  which  appears  in  (20)  is  given  by  ,,-V  =  -l7r/,-.  The  con- 
stant    ar0  =  ;     is  derived  from  the  transcendental  equation 

7"  =  3  ^-(1-7  cot,) 

wherein  p„  is  the  surface  density  and  p„,  is  the  mean  density  of  the 
earth. 

For  equivalent  specifications  of  the  same  distribution,  see  Chap.  II, 
Vol.  V,  Meeanique  Celeste,  or  Arts.  824  -829  of  Kelvin  and  Tait's 
Natural  Philosophy. 


2,  the  transcendental  equation  of  the  foot-note  above  gives 
y  =  2.4606,  whence,  through  the  second  of  (23),  the  nu- 
merical values  of  the  coefficients  of  the  factors  involving  the 
time  in  the  series  of  (24)  may  be  found. 

To  get  a  clear  idea  of  the  nature  of  this  series  as  applied 
to  the  earth  it  will  suffice  to  set  down  a  few  of  its  terms. 
Thus,  writing  for  brevity 


Q  =  e-J'W.)' 
equation  (24)  takes  the  following  form: 

+  0.67522(1-  Q) 
-0.00607(1  -  £4) 
-0.00144(1-  Q») 
-0.00047(1 -V16) 
-0.00020(1-  Q36) 


(25) 


(26) 


all  terms  after  the  first  being  negative. 

The  expression  corresponding  to  (26)  and  derived  from 
(21)  for  the  case  of  uniform  density,  differs  from  (26)  only 
in  the  values  of  the  numerical  coefficients.  The  first  five 
of  the  latter,  computed  from  60/(«7r)4  for  n  =  1,  2,  .  .  .  5, 
respectively,  are 


+  0.61596 
+  0.03850 
+  0.00760 


+  0.00241 
+  0.00099 


A  check  cm  the  sums  of  these  coefficients  and  those  of 
(26)  is  supplied  by  the  fact  stated  in  (19)  that  each  should 
converge  towards  the  limit  2/3.  The  sum  of  the  first  five 
coefficients  of  (26)  is  +0.66704,  while  the  corresponding 
sum  of  the  first  five  coefficients  for  the  expression  (21 1  is 
+0.66546.  In  either  case  the  convergence  of  the  series  is 
rapid,  that  of  (24)  for  the  case  of  the  earth  being  some- 
what more  rapid  than  that  of  (21). 

7.  Time  rate  of  change  of  length  of  day.  Evidently  the 
rate  at  which  the  day  changes  in  the  earlier  stages  of  cool- 
ing ought  to  be  greater  for  a  homogeneous  planet  than  for 
one  whose  density  increases  from  surface  to  center.  This 
fact  is  shown  as  follows.  Designating  the  coefficients,  of 
which  a  few  numerical  values  are  given  above,  by  the  let- 
ter <■  with  suffixes,  the  time  differential  of  (21)  or  (24)  gives, 
by  the  aid  of  (25), 

g(8r) 


<V",7  +  +2C>4  +  9'"3</  +  -  •  ■) 


(27) 


This  shows  that  in  any  case  the  rate  of  change  is  great- 
est in  the  earlier  stages  of  cooling,  for  Q  has  its  maximum 
value,  namely  unity,  when  t  =  0.  On  the  other  hand,  in 
the  later  stages  of  cooling,  alone  considered  by  Laplai  i, 
this  rate  of  change  approaches  zero,  since  Q  —  0  for 
t  =  co  .  The  rate  of  change  is  always  greater  for  the  case 
of  homogeneity  involved  in  (21)  than  for  the  case  of  cen- 
tral condensation  specified  by  (20)  and  (24) ;  for  in  the  latter 
case   c„,  c3,  .  .  .  are  all  negative  in  (27). 
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\i   inspection  of  (27)  shows  thai  the  rate  of  change  of 

the  day  in  tlic  earliest  stages  of  cooling,  or  for   t  =  0   and 

Q        i.    would  be  a boul   one  and  two-thirds  times  as  las! 

for  the  case  of  homogeneity  as  for  thai  defined  bj  equation 

be  numerical  coefficient  -  "I 

being  in  the  two  cases  approximately  1.01  and  0.602  re- 
spectivi 

liich  the  Jay  changes  under  the  assumed 

circum  always  small  by  reason  of  the  smalluess 

of  the  factor  i  a  jr/r0)2.   Adbpting  for  the  earth  laud  Kelvin's 

namely,  100,  with  the   British  foot  as  unit  of 

ar  as  the  unit  of  time,f  the  value  of  that 

is,  in  round  numbers,  of  the  same  order  of  precision 

as  the  values  assigned  to  <<„  and  e  above,  9  X  lt>~12.    Taking 

e  of  homogeneity,  for  which  the  rate  of  change  in 

the  day   is  greatest,  the  maximum   value  of  the  series  in 

(27)  is  10/tts.     Thus  it  may  he  inferred  from  (27)  that  in 

the  case  of  the  earth     <>  (&r)/T03t     has  not  been  greater  per 

*  1 1  an 

"„«  X  —  X  9  X  10-'2 

or,  using  the  same  values  of  u0  and  e  as  above,  and  assum- 
ing r0  to  have  been  100000  seconds,  that  the  change  or  in 
a  year  has  not  been  greater  than  82  X  10-9  seconds  ;  or,  for 
any  period  of  two  thousand  years  in  the  history  of  cooling, 
or  has  nol  been  greater  than  0.00016  seconds.  Laplace 
was  quite  right  therefore  in  the  conclusion  that  the  day 
has  nol  changed  appreciably  from  the  cause  in  question  in 
the  past  t  went y  centuries. 

8.      Change  in  length  of  day  during  any  interval  after 
For  practical  application  of  equation  (26) 

••  ease  of  the  earth  in  its  earlier  stages  <>f  cooling  — 
ten  million  years,  say  —  it  will  suffice  to 

write 

,  -  <r  .  (=)V. 

cting  the  higher  powers  in  the  expansion  of  the  ex- 
exact  values  of  these  numbers  are  given  by  10/Tr2andby 

2;> 


:;n- 


=  0.00248  for  y  =  2.  1606 


-2+(2j-— \f)<io\  ;  | 

ii.  in -i  oi  these  expressions  comes  from  the  sum- 
mation in  (21)  after  multiplying  it  by  n?  and  making  I  =  0.  The 
second  expression  comes  from  I  he  eoi  responding  summat  ion  in  (24). 
The  sum  thai  has  to  be  evaluated  in  the  lattei  < 


T- 


.■  + 


:;  col  ;    » 
I 


1        -P) 
rving  that     fi  =  yjTr,    it  may  be  shown  that  this  sum  is  77  -74. 

whence  the  1  

The  mathematical  reader's  attention  maybe  called  here  to  a  re- 
markable theorem  in  pun-  analysis  which  results  from  (24)  when 
t  =  00,  since  (24)  must  then  redt to  (19). 

1  Kelvin  and  Tait's   Vatural  Philosophy,  Part  11.  Appendix  I). 


ponential  quantity  defined  by  (25).     Thus,  for  the  earlier 
stages  in  question,  (26)  is  verj  nearly 
air\ 


8t        3 

=   =  "„(■ 


or.  with  the  values  of  the  constants  used  above, 

—  =  486  tX  10"16 

t  being  expressed  in  years.      Supposing  t.  to  have   been 
100000  seconds,  an  overestimate  doubtless, 

Sr  =  486  t  X  L0-M  (28) 

From  this  it,  appears  safe  to  conclude  that  the  length  of 
the  day  will  not  change,  or  has  not  changed,  as  the  case 
may  be,  by  so  much  as  a  half  second  in  the  first  ten  mil- 
lion years  after  the  initial  epoch. 

By  means  of  (26)  the  change  during  any  time  t  after  the 
initial  epoch  is  readily  computed.  Although  this  change 
goes  on  exceedingly  slowly,  it  will  be  practically  all  accom- 
plished in  less  than  a  million  million  years.  In  fact,  I  have 
shown  by  a  computation  given  in  the  second  of  the  papers 
on  a  cooling  sphere  cited  above,  that  the  earth  will  accom- 
plish about  95  per  cent,  of  its  cubical  contraction  in  less 
than  :;00,000,000,000  years.* 

9.  Effect  of  meteoric  dust  on  length  of  day.  It  will  be 
of  interest  in  connection  with  the  preceding  investigation 
to  estimate  the  retarding  effect  on  the  speed  of  rotation  of 
the  earth  of  its  accumulations  of  meteoric  dust.  The 
amount  of  such  accumulations  per  year,  say,  is  exceedingly 
small  in  comparison  with  the  mass  of  the  earth;  but  since 
they  go  on  continuously,  apparently,  it  can  be  only  a  ques- 
tion of  time  when  their  effect  will  be  appreciable.  It  is 
especially  desirable  to  know  whether  this  effect  is  of  about 
the  same  order  as,  or  of  a  lower  order  than,  that  due  to 
secular  cooling  of  the  earth. 

It  will  be  assumed  that  the  distribution  of  meteors  fall- 
ing to  the  earth  is  uniform  with  respect  to  its  surface,  and 
thai  they  neither  increase  nor  decrease  the  angular  velocity 
ol  the  earth  by  impact  upon  it.  Iii  this  case,  then,  as  well 
as  in  that  already  considered,  equation  (12)  applies.  Here, 
however,  it  is  seen  by  a  glance  at  equation  (13)  thai 

■+j>- 


91 


91      8 


bl  —  —  t,  and  —  =  -  it  I  i>r  ar 
<)t  <)t       3    J  ' 

wherein     lr  is  the  thickness  of  a  shell  of  dust  accumulated 
in    any   time   t   on   a    sphere    of    radius    /■.   and   p   is   the   in- 

*A  very  simple  and  closely  approximate  formula  for  the  cubical 
contraction  of  a  large  sphere  under  the  assumed  conditions,  for  all 
but  the  latest  stages  of  cooling,  is 


- .•(;..  J:-:;' 


the  notation  being  the  same  as  that  used  in  the  text,     if  (  be  made 
equal  to  i\-/(4u-j  in  this  (which  for  the  earth  makes  I  about  273X10' 

years)  the  ahove-meiitioiied  result  follows. 
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-r 


r*  dr 


crease  in  density  per  unit  time  at  the  surface  of  this  sphere. 
Assuming  p  to  be  constant, 

,il  _    8 
Jt    ~    3 

to  terms  of  the  first  order  in    //-. 

Now  let  N  denote  tlie  number  of  meteors  which  fall  into 
the  earth's  atmosphere  per  year,  and  let  fx.  denote  the  aver- 
age mass  of  such  bodies.     Then 

Xtt  pv  A t  =  J\/x 

and  substituting  the  value  of  p  I''    from  this  in  the  pre- 
ceding equation,  there  results 

Dl         2 

dt  3  ' 
The  moment  of  inertia  of  the  earth  is  known  to  be, 
nearly  enough  for  the  present  purposes,  one-third  of  the 
product  of  its  mass  by  the  square  of  its  radius.  That  is, 
culling  the  mass  M  and  the  radius  r,  one  may  write  for  I0 
in  (12) 


J. 


Mr" 


Hence  equation  (12)  becomes  for  the  present  purposes 


(29) 


-   =   2JV 


M 


t  being  expressed  in  years  from  any  epoch. 

To  apply  this  formula  I  shall  adopt  the  estimate  for  2V 


given  by  the  late  Professor  H.  A.  Newton  in  his  article  on 
meteors  in  the  ninth  edition  of  the  Encyclopedia  Britannica, 
namely,  that  not  less  than  twenty  millions  of  meteors  fall 
to  the  earth  daily,  or  that 

N  =  20  X106X  365.25 
The  value  of  J/ is  known  to  be  about  6  X  10M  kilogrammes. 
Thus,  in  round  numbers 

-  =  J^xio- 

To 
or.    assuming    t0  =  100000  seconds    and    p  =  0.001  kilo- 
gramme, both  of  which  are  probably  overestimates. 

8r  =  -tX  10-13  (30) 

This  shows  that  at  the  rate  of  accumulation  assumed  it 
would  take  a  million  million  years  to  produce  a  change  in 
the  length  of  the  day  as  great  as  a  quarter  of  a  second. 
Even  if  the  average  value  of  p.  were  one  kilogramme,  it 
would  require  a  thousand  million  years  to  .produce  that 
change. 

\  comparison  oi  (28)  with  (30)  shows  that  the  shorten- 
ing of  the  day  from  secular  cooling  goes  on  much  more 
rapidly  than  the  lengthening  of  day  from  meteoric  dust  ; 
the  ratio  of  the  two  changes  being  in  round  numbers 
200000.  In  other  words,  it  seems  reasonable  to  su] 
thai  the  total  effect  from  secular  cooling  will  accrue  before 
the  effect  from  meteoric  dust  will  begin  to  be  appreciable. 


OBSERVATIONS   OF   THE   NEW    STAR   IN   PERSEUS, 

By  ZACCHEUS   DANIEL. 

Cloudy  weather  interfered  a  great  deal  with  the  obser- 
vation of  Andeeson's  new  star  in  Perseus.  However,  I 
was  able  to  observe  it  on  twenty -three  dates  before  its  dis- 
appearance from  the  evening  sky.  The  observations  were 
made  by  Ar'gelander's  method,  and  each  depends  on  a 
careful  comparison  with  one  star  brighter  and  another 
fainter  than  the  variable.  An  effort  was  made  to  make 
the  values  in  grades  of  the  two  intervals  represent  their 
relative  sizes.  All  observations  before  April  2  were  made 
with  the  naked  eye,  those  between  that  date  and  May  6 
were  made  with  a  1. 25-inch  finder,  having  a  field  of  .'!  15'. 
and  a  power  of  10,  while  the  last  observation  was  made 
with  a  four-inch  refractor.  All  the  observations  before 
March  7  were  made  in  moonlight,  and  all  those  in  May 
were  made  in  twilight.  On  account  of  the  low  altitude  of 
the  star  the  observations  made  after  April  1G  are  not  so 
good  as  the  others. 

The  magnitudes  of  the  comparison-stars  used  in  reducing 
these  observations  were  taken  from  the  Harvard  Photo- 
metric Durchmusterv.ng  (H.C.O.  Annals,  Vol.45). 

At  the  first  observation  the  star  had  a  strong  yellow 
color  which  later  changed  to  a  decided  orange.  With  the 
telescope  it  always  showed  a  strong  flash  of  red.  The  last 
seen  of  the  star  with  the  naked  eye  was  on  April  27. 


The  following 

are  the  Gi 

eenwich  Mean  Times  of  ot 

vation  and  the  observed  mag 

nitudes  : 

Julian  Day 

1901 

Mag. 

Seeing 

2415441.60 

Feb 

25 

0.92 

fair,  moon 

443.52 

27 

1.65 

fair,  clouds 

444.58 

28 

1.65 

faii- 

150.60 

Mai 

.   0 

2.  HI' 

poor,  haze 

451.50 

7 

2.92 

fair,  haze 

450.52 

12 

2. lie. 

fair 

460.51 

16 

3.60 

good 

461.52 

17 

3.45 

good 

Hi  2..v; 

18 

3.72 

good 

465.54 

21 

4.33 

fair 

466.62 

..•> 

4.55 

fail- 

474.56 

30 

4.33 

fair,  moon 

170.55 

Apr 

1 

4.42 

fair,  moon 

186.60 

11 

5.40 

faii- 

491.58 

16 

5.77 

fair 

501.56 

20 

5.77 

fair,  moon 

502.58 

27 

4.55 

fair,  moon 

503.57 

28 

5.35 

poor,  haze 

5(14.50 

20 

5.95 

poor,  smoke 

506.56 

.May 

1 

5.30 

poor,  clouds 

509.57 

1 

5.77 

poor,  clouds 

51(1.50 

5 

5.1 15 

faii- 

2415511.56 

6 

CIO 

poor,  clouds 
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OBSERVATIONS  OF  COMET  a  L901* 


V,\    R.   G.     \l  I  Kl  \ 


1901  Mi.  ll.iii 

*     |    i p. 

i 
la 

-* 

c^'s  apparent 
a            I              8 

log 

for  a 

for  8 

li       m       8 
Mil            .                  1 

L6     :   t8  to 

1  S ,  8                L22 

2  LO ,  8          +13.64 

5   I.".:.       .-.''  ;:s'"l'.V.~.o 
+  1   33.2       5  4  1     8.47 

+  3  52     7.7 
+  4  12  12.4 

9.672 
9.671 

0.724 
0.723 

Mean    Places  for  1901.0  of  Comparison- Stars. 


* 

Red.  to 
a                   app.  place 

?                        Red.  to                                                 .      , 
O                    app.  place                                           Au1 : 

1 

ll        m       s 

5  38  28.92 
5    13  54.01 

+  0S.80 
+0.82 

+3  57  31.8               8.6      ,    Boss,  Albany  A.G.  Catal.  1867 
+  1   L0  48.0            -8.8         Boss,  Albany  A.G.  Catal.  1908 

Both  observations  were  made  with  the  lL'-ini'h  telescope  of  this 
Observatory,  and  Ja  was  measured  directlj  with  the  micrometer. 
No  illumination  was  used,  the  wins  standing  oul  black  against  the 
bright  i»  ilighl  sky. 

The  comet  was  about  as  bright  a*  an  Si-magnitude  star.  It  had  a 
well-defined  nucleus,  almost  stellar,  surrounded  by  a  circular  nebu- 
losity Dearly  1'  in  diameter.     No  tail  was  seen. 

On  Maj  16,  two  stars  (Albany  A.G.  Catal.,  Nos  1908  and  1911), 
rated  as  8M.2  and  8M.7  respectively,  were  in  the  field  of  the  telescope 
with  the  comet,  whose  brightness  could  therefore  be  estimated  very 
accurately.     It  was  certainly  fainter  than  the  8M.2  star,  but  seemed 

Lick  Observatory,  University  of  California,  1901  Junt   13. 


rather  brighter  than  8". 7.  Lack  of  comparison-stars  and  cloudy 
skies  piv\  ented  further  observations  until  May  21.  By  that  time  the 
comet  had  become  fainter  than  a  ninth-magnitude  star,  and  could 
not  be  seen  well  enough  for  accurate  measures.  In  spite  of  repeated 
careful  search,  il  has  not  been  seen  since. 

It  may  be  well  to  add  that  the  comet  was  looked  for  both  in  the 
morning  and  evening  skies  from  April  '2i>  until  the  Arequipa  obser- 
vation was  received.  Thereafter  the  evening  sk\  was  searched  with- 
out success  until  the  evening  of  May  14,  when  an  approximate 
position  for  the  comet  was  obtained  from  the  circles  of  the  12-inch 
telescope. 


■  |  Supi  o  No.  501. 


OX   THE  OBSERVATORY   AT   QUITO. 


The  governmeni  of  the  Republic  of  Ecuador  has  courte- 
ously placed  the  Observatory  of  Quito  at  the  disposal  of 
the  French  Commission  charged  with  the  remeasuremenl 
of  the  Peruvian  arc.  M.  Gonnessiat,  Astronomer  of  the 
Observatory  of  Lyons,  has  been  intrusted  with  the  direc- 
the  establishment.  The  new  Director  has  taken 
ttorio  dt   Quito,   Ecuador. 


possession  of  his  post,  and  is  actively  engaged  in  organiz- 
ing astronomical,  meteorological  and  magnetic  services. 
He  will  be  deeply  grateful  to  astronomers  and  meteorologists 
if  they  will  now  address  their  publications  to  the  Observa- 
tion i>l  Quito,  which  in  return  will  send  its  own  publications 
immediately  upon  their  appearance.  F.  Gonnessiat. 
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mded  by  B.  A.  Gould  in  1849.  Six  volumes  were 
issued  to  1861.  The  publication  was  resumed  in  L885 
with  the  seventh  volume,  and  lias  1 n  continued  to  volume 

twenty -one.  which  is  nearly  completed. 

Each  volume  consists  of  twenty-four  numbers  of  at  least 
eight  quarto  pages  each,  with  table  of  contents  and  alpha- 
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any  part  of  the  world,  upon  receipt  of  a  letter  or  order 
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Foreign  subscriptions  can  be  remitted  by  postal  money 
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domestic  subscriptions  either  by  postal  money  order  or  by- 
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LATITUDE,    AND     THE    VARL1TIONS    OF    LATITUDE,     DETERMINED    WITH 
THE   PRIME   VERTICAL   TRANSIT   AT   THE   U.S.  NAVAL   OBSERVATORY, 

By    Assistant    Astronomer    GEORGE    A.    HILL. 
[Published  by  permission  of  the  Superintendent.] 


In  A.J.  404  I  published  the  results  of  observations,  up 
to  1896  October  15,  made  with  our  Prime  Vertical  Transit 
for  the  purpose  of  determining  the  latitude,  and  the  vari- 
ation of  latitude  at  the  Naval  Observatory. 

The  declinations  from  which  those  latitudes  were  derived 
depended  upon  the  star-places  as  given  in  Professor  Boss's 
catalogue.  In  the  present  paper  will  be  found  a  new  dis- 
cussion of  those  observations,  as  well  as  those  made  since 
that  date,  and  all  based  upon  the  star-places  from  Profes- 
sor Newcomb's  New  Catalogue. 

Upon  several  occasions  writers  in  astronomical  and  scien- 
tific journals  have  suggested,  and  some  have  made  the 
statement,  that  the  Prime  Vertical  Transit  at  the  Naval 
Observatory  is  not  an  instrument  of  a  very  high  order  of 
construction,  and  is  not  capable  of  giving  first-class  work. 
Those  statements  and  suggestions,  so  far  as  I  have  been 


able  to  glean  from  their  reading,  have  been  confined  to  the 
expression  of  an  opinion,  without  being  substantiated  by 
an  investigation  of  its  results  to  indicate  what  defects  it 
might  have.  I  have  constantly  observed  with  the  instru- 
ment for  the  past  eight  years,  and  after  an  experience  ex- 
tending over  that  period  I  feel  somewhat  competent  to 
express  an  opinion. 

Within  the  past  decade  there  have  been  but  three  instru- 
ments mounted  in  the  prime  vertical  that  have  published 
observations  having  in  view  the  determination  of  the  vari- 
ation of  latitude,  and  in  that  connection  I  desire  to  submit 
for  comparison  a  table  containing  the  observed  and  com- 
puted variation  at  Kiel,  Pulkowa  and  Washington,  from 
observations  made  by  the  prime  vertical  instruments  at  each 
of  those  observatories. 


Kiel. 

Pulkowa. 

Wasmin 

GT02T. 

Date 

Obs'd 

Comp'd 

I  )iff. 

Date 

Obs'd 

Comp'd 

Diff. 

Date 

Obs'd 

Comp'd 

Diff. 

1892 

Aug.  18 

+  0.27 

+  0.07 

+  0.20 

1898 

June  10 

-0.35 

-0.12 

-0?23 

ISM 

Apr.    10 

+  0"03 

o!'oo 

+  0.03 

Sept.    3 

+  0.38 

+  0.11 

+  0.27 

July    22 

-0.25 

-0.08 

-0.17 

May   11 

-0.17 

-0.05 

-0.12 

Sept.  1 6 

+  0.18 

+  0.14 

+  0.04 

Aug.   19 

-0.36 

-0.06 

-0.30 

June  17 

0.00 

-0.09 

+  0.00 

Oct.    17 

+  0.36 

+  0.16 

+  0.20 

Sept.  Ill 

-0.23 

-0.03 

-o.20 

July   14 

+  0.03 

-0.09 

+  0.12 

Nov.  21 

+  0.50 

+  0.17 

+  0.33 

Oct.    16 

-0.31 

+  0.01 

-0.32 

Sept.  17 

-0.17 

-0.05 

-0.12 

Dec.   15 

+  0.21 

+  0.15 

+  0.06 

Nov.   15 

-0.41 

+  0.05 

-0.49 

Oct.    15 

+  0.01 

0.00 

+  0.01 

1893 

Jan.    13 

+  0.49 

+0.10 

+  0.39 

1  >ec.    22 

-  .0.36 

+  O.OS 

-0.44 

Nov.  19 

+  O.07 

+  0.06 

+  0.01 

Feb.    17 

-0.14 

+  0.01 

-0.15 

Feb.     16 

-0.31 

+  0.00 

-O.40 

Dec.    16 

+0.15 

+  O.OS 

+  O.I.7 

Mar.  24 

+  0.10 

-0.06 

+  0.16 

Mar.  18 

-0.13 

+0.08 

-0.21 

Jan.    14 

-0.01 

+  0.08 

-0.09 

Apr.    12 

+0.11 

-0.11 

+  0.1'L' 

Apr.    15 

-0.12 

+  0.06 

-0.18 

Feb.    19 

-0.10 

+  0.04 

-0.14 

May   10 

-0.36 

-0.16 

-0.20 

May   16 

-0.31 

+  0.04 

-0.35 

Mar.  18 

-0.12 

+  ooi 

-0.13 

June  27 

-0.49 

-0.19 

-0.30 

June  22 

-0.23 

+  0.02 

-0.25 

Apr.    15 

+  0.02 

-0.03 

+  O.Oo 

July  30 

-0.30 

-0.14 

-0.16 

July   18 

-0.07 

+  0.01 

-0.08 

May    23 

-0.14 

-0.09 

-0.05 

Aug.  14 

-0.41 

-0.09 

-0.32 

Aug.     7 

-0.20 

0.00 

-0.20 

June  16 

-0.09 

-0.13 

+  0.04 

Sept.  15 

-0.21 

-0.01 

-0.20 

Sept.  21 

-0.24 

-0.03 

-0.21 

Aug.   24 

-0.19 

-0.07 

-0.12 

Nov.     4 

+  0.02 

+  0.10 

-0.08 

Oct.    22 

-0.22 

-0.O4 

-0.18 

Sept.  15 

-0.02 

-0.08 

+  0.0(1 

Dec.      7 

-0.18 

+  0.13 

-0.31 

Nov.    11 

-0.13 

-0.03 

-0.10 

Oct.    16 

-0.10 

-0.08 

-0.02 

l-'.H 

Jan.      2 

-Ii.(i7 

+  0.12 

0.19 

Dec.    10 

-0.19 

-0.03 

-0.16 

Nov.  14 

+  0.36 

-0.07 

+  0.43 

Feb.    13 

-  0.03 

0.05 

+  0.08 

Dec.    15 

+  0.31 

-0.03 

+  0.34 

Mar.  21 

+0.09 

-o.o.-. 

+  0.14 

Jan.    16 

+0.26 

+0.03 

+  0.2.'i 

Apr.    24 

+  0.06 

-0.02 

+  O.OS 

Feb.    15 

+  0.12 

+  O.OS 

+  0.04 

May  11 

+  0.04 

+  0.01 

+  0.03 

Mar.   13 

+  0.10 

+  0.12 

-0.02 
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Chi    ■    data  ha  i  e  bi  en   taken,  for   K  •  .  from  the   Astro 
.    Band    1  I".    pp   105   106,    and    Eor 
\  a    ami    Washington,    which    are    contemporaneous 
Dr.  A.lbrei  ht's   Report  on    I  lie   Vai     : 
1898. 
I    -   first  column  of  tin'  i  ible  contains  the  mean  date  of 
tin-  lal  thai   month;    the  second  contains  the  ob- 

lat  it ii.lt- :  the  third  gn  es  I  in'  com- 
puted variation  a  ed  by  Dr.  Albrecht,  and  the 
last  column  ■  difference  between  the  observed 
and  the  computed. 

\~  I  have  Mi-,  i  arked,  the  Washington  instru- 

e  criticism,  coupled  with 

■    ■  •   work  could  not   be  secured 

with  it.     An  examination  of  the  last  column  in  the  series 

of  observations  made  with  tin-  Kiel  instrument  will  lie  ven 

significant  when  those  differences  are  compared  together. 

tention  also  to  the  Pulkowa  differences,  and  to 

v  I  thai  a  glance  down  the  last  column  in  that  series 

indicates  large  systematic  errors  in  the  observed  latitude 

determined  with  tl  three  instruments.     It 

ds  from  June  1893  up  to  the  middle  of  1895. 

I    e  P      owa  prime  vertical  is  the  instrument  with  which 

Struve  determined   the  constant  of   aberration    that    has 

been  used  in  the   English,  American,  and  German  epheme- 

rides  for  the  pasl   forty  years.     Professor  Ivustinsky  who 

observed   these  latitudes  is  an  able  astronomer.     Has  the 

Pulkowa  prime  vertical  also  degenerated  into  an  ordinary 

instrument    after  these   fifty  years,  when  its   results   are 

compared  with  those  made  with  zenith-telescopes? 

I   jive  tin-  comparison  of  a  continued  series  made  with 

these  ■  and    I    make  no  comment  upon  them, 

ie  unbiased  astronomer  these  data  that  he  may 

for  himself  how  much  justice  there  has  been  in  the 

criticisms  upon  tic-  Washington  instrument. 

The  method  of  observing  a  star  on  tic  prime  vertical  is 
Ml,-,  and  the  instrumental  errors  may  lie  eliminated 
complete  a  manner  that,  as  a  preface  to  the  ol,  ei 
tions  to  oe  published  in  tins  paper.  I  desire  to  give  the  re- 
£  my  investigation  upon  the  question  of  how  com- 
pletely they  ha\  e  been  eliminated. 

I  i  dt  '   i  ich     tep  of  that   investigation,   1  wish  to 

remark  that  the  prime  vertical  method  oi   observing  a  star, 

either  tor  latitude,  or  for  its  declination,  depends  upon  the 

ls1  to  the  nest  vertical,  as  shown  by 

'    half   of   t  he  elapsed  time  measures 

i  spherical  triangle,  tic  othi  being 

90    nni;  ad  90    nntiii  -  t  he  declinal  ion. 

deten 
an  erroneous  value  by  being  involved   in  tic  follow  in 
ins  : 
First,  the  rate  of  the  clock.     If  that   is  appreciable,  it 
will  i:  ength  of  1 1n-  bour-angle,  de- 


-   upon   it--  sign,     Second,  a  change  of  at spheric 

conditions  during  the  interval  after  tic  star  has  crossed 
the  east  vertical,  and  continued  until  it  has  passed  tic  west 
ifficient  to  produce  an  appreciable  differential  refrac 
tion.  Third,  a.  wrong  level-determination  of  tic  axis  oi' 
tic  instrument.  Fourth,  a  change  of  azimuth  during  the 
elapsed  tine  lieiuoen  the  star's  crossing  the  east  and  the 
west  verticals.  Fifth,  the  probability  that  tic  pivots  are 
not  true  cylinders,  or  are  conical  in  shape.  Their  unequal 
size,  if  such  obtained,  would  not  enter  the  observation  as 
an  error  because  it  would  be  eliminated  by  the  method  of 
securing  the  position  of  the  star.  .Seventh,  the  vertically 
of  the  transit-threads. 

The  first  condition  mentioned,  the  clock  rate,  has  been 
eliminated  from  all  my  observations. 

It  can  be  demonstrated  that,  for  a  star  having  as  large  a 
zenith-distance  as  1°  4.'!'  in  the  meridian,  when  observed 
on  the  prime  vertical,  the  instrument  may  be  moved  as 
much  as  1.7  seconds  of  time  before  an  error  as  large  as 
it". 01  will  occur  in  the  declination,  from  that  cause. 

For  stars  nearer  the  zenith  that  deviation  of  time  of 
course  increases,  amounting  to  something  like  five  seconds 
for  <(  Lyrae. 

I  assume  it  is  understood  that  the  most  complete  method 
of  observing  with  the  prime  vertical  is  used,  that  is,  a 
reversal  of  the  instrument  on  both  the  east  and  the  west 
verticals.  Four  level-readings  are  always  made  before  and 
after  each  set  of  transits,  or  sixteen  for  each  observation. 

As  an  example  of  the  stability  of  the  instrument  I  give 
here  the  level  corrections  to  the  eight  stars  that  were  ob- 
served between  17h  45'"  and  01'  46'"  on  October  19,  1900,  or 
over  a  period  of  7  hours.  The  temperature  was  56°.3  when 
I  commenced,  and  it  was  46°. 0  when  I  finished.  The  fig- 
ures in  the  first  column  are  the  right-ascension  of  the 
several  stars. 

Sidereal  Hour      Level  Curie,  tion 


IS 

33 

-0.49 

20 

i>6 

-   .64 

21 

39 

-   .63 

I'l 

41) 

-   .53 

22 

12 

-    .61 

09 

38 

-   .78 

23 

16 

-   .94 

23 

55 

-0.81 

With  our  instrument,  during  the  interval  that  a  star, 
whose  meridian  zenith-distance  is  1°  43'  south,  is  passing 
from  tic  firsl  thread  before  reversal,  to  the  same  thread 
after  the  instrument  is  reversed,  it  has  decreased  its  zenith- 
distance  by  22',  and  on  the  west  side,  during  tic  time  it  is 
being  observed,  it  will  increase  it  by  a  like  amount. 

In  that  is  tic  elegance  of  the  prime  vertical  method  of 
oi,  erving.  Each  transit  over  the  several  threads  is  made 
it  lie'  same  zenith-distance  on  both  sides  of  the  meridian 
tor  eaeli  ol'  the  threads. 
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Now  suppose  a  marked  change  in  the  temperature  and 
barometer  happened  after  the  star  was  observed  on  the  easl 
side,  what  element  of  differential  refraction  would  it  pro- 
duce, and  would  it  be  worth  while  to  consider  it  as  an  error 
in  the  observation  needing  to  be  removed?  This  can  be 
best  illustrated  by  an  example.  We  will  assume  when  the 
observer  secured  the  transit  of  a  star,  east,  the  one  with 
the  largest  zenith-distance  of  any  I  am  observing,  namely, 
15°  44'  in  the  prime  vertical,  that  the  temperature  of  the 
air  was  65°,  the  barometer  reading  29.90  inches,  and  its 
attached  thermometer  indicated  also  65°.  The  star  I  have 
taken  for  the  example  is  6  Aurigae,  at  37°  11'  north  declina- 
tion. The  elapsed  time  between  verticals  for  it  is  2h  40"'. 
We  will  also  assume  that  on  the  west  vertical  the  mete- 
orological instruments  read  50°,  29.60  in.,  and  50°.  By  using 
these  data,  we  shall  find  that  under  this  abnormal  change 
of  the  elements  its  effect  upon  the  hour-angle  would  be  to 
change  it  by  0".003,  or  in  other  words  the  hour-angle  would 
"be  08.003  less  on  the  west  side  than  it  had  been  on  the  east. 
This  quantity  is  too  small  to  consider  when  making  the 
reduction  of  the  observation,  audits  effect  upon  the  latitude 
can  be  assumed  as  zero. 

Now  for  a  moment  consider  the  question  of  lateral  re- 
fraction. I  understand  by  that  term  the  effect  produced 
by  the  sun  shining  on  the  upright  shutters  of  the  transit- 
house,  as  has  obtained  in  the  old  and  new  prime  vertical 
observing  rooms  here  in  Washington,  sufficient  to  change, 
laterally,  the  position  of  the  star  as  seen  through  the  column 
of  heated  air.  In  the  first  place  it  has  never  been  demon- 
strated that  lateral  refraction  great  enough  in  magnitude 
to  bias  a  transit  of  a  star  across  the  prime  vertical  exists 
other  than  in  theory.  Granting  that  it  does,  the  -object- 
glass  of  the  instrument  is  not  in  that  stratum  of  air  that 
may  be  heated  by  the  sun  shining  on  the  shutters,  but  it  is 
a  stratum  from  10  to  12  feet  below  it.  It  does  not  make 
the  least  difference  what  changes  are  happening  in  the 
successive  layers  through  which  the  light  from  the  star  is 
seen,  so  far  as  any  refractive  effect  is  concerned.  The  only 
shell  of  air  that  can  produce  refractive  influences  on  the 
ray  of  light  is  that  one  which  is  directly  over  the  object- 
glass,  and  the  last  through  which  the  ray  passed. 

In  dealing  with  lateral  refraction  all  that  conspires  in  it 
to  influence  a  prime  vertical  observation  is  its  effect  upon 
the  hour-angle,  which  it  would,  if  potent  enough,  carry 
toward  the  north,  making  it  shorter. 

Take  the  simple  formula  tan  8  =  tan  cf  cos  h,  in  which 
.8,  cf>  and  h  are  the  declination,  latitude,  and  hour-angle. 
Differentiate  it,  and  we  have     d  8  =   —  4  sin  28  tan  /  <//. 

Assume  the  error  dt,  or  lateral  refraction  as  0".2,  and  its 
maximum  effect  upon  k  Lyrae  (the  only  star  I  am  able  to 
observe  with,  our  instrument  at  mid-day),  would  be  O'^Ol. 
If  lateral  refraction  is  a  function  of  the  cosine  of  the 
sun's  azimuth,  as  has  been  suggested  by  Prof.  Ni  wcomb,  in 


.I.-/.  '_'('..':.  page  182,  then  at  any  other  time  than  the  coinci- 
dence of  the  star's  crossing  the  prime  vertical,  and  the  sun 
the  meridian,  it  would  be  less  than  0".01. 

The  third  condition  relates  to  the  error  of  level  of  the 
axis,  and  the  investigation  that  has  been  given  it.  As  pre- 
viously stated,  four  separate  readings  are  made  before  and 
after  each  set  of  transits. 

To  examine  thoroughly  the  probability  of  any  systematic 
error  arising  from  level-determinations,  I  have  frequently 
made  observations  by  reflection  over  mercury.  In  this 
connection  it  may  be  well  to  add  that  I  do  not  know  of  am 
other  observer,  constantly  using  the  prime  vertical,  who  is 
testing  his  level-results  by  that  method. 

One  who  observes  a  star  direct  and  also  over  the  mercury 
has  the  best  test  that  can  be  employed  to  check  level- 
corrections.  Theory  explains  that,  for  whatever  level  is 
secured,  in  its  application  to  the  reduction  of  an  observed 
latitude,  to  free  it  from  inclination  of  the  axis  when  the 
transits  were  obtained,  its  sign  will  be  opposite  in  a  re- 
flected to  what  it  is  in  a  direct  observation.  Therefore, 
observations  made  on  following  days  and  by  the  two  met  hods 
would  make  any  systematic  error  of  level  plainly  evident. 

The  following  table  contains  individual  latitudes,  given 
in  two  columns,  of  reflected  and  direct  observations.  In 
each  instance  the  former  corresponds  to  a  date  within  one 
to  three  days  of  the  latter.  It  will  be  noted  that  a  sys- 
tematic difference  does  not  exist  between  these;  they  were 
made  in  the  day-time  as  well  as  at  night,  and  they  are 
entirely  controlled  by  the  seeing  that  obtained  when  they 
were  made  : 

Direct  Observations  Reflected  Observations 


38    55    14.:::; 

38     55     14.50 

1  1.96 

14.42 

14.70 

14.50 

14.80 

14.39 

14.67 

15.03 

It.  17 

14.47 

14.62 

14.81 

14.24 

1  1.91 

14.65 

14.60 

13.90 

14.41 

14.56 

14.83 

14.63 

14.36 

1  1.43 

14.S5 

14.07 

14.29 

38     55     I  1.5  1 


38    :>:>     14.60 


The  fourth  condition  is  the  probability  of  a  change  of 
azimuth  taking  place  while  the  star  is  passing  from  the 
east  to  the  west  vertical.  Let  8  express  the  declination, 
h  the  hour-angle  of  the  star,  ami   </    the  latitude,  then. 

cos  h  =  tan  8  cot  <(  (1) 

In  the  event  of  a  change  of  azimuth,  its  effect  would  be 
to  add  algebraically  an  interval  of  time  to  //.  If  we  differ- 
entiate equation  (1),  with  i '    peci  to  8  and  L.  we  have 
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/,i    -     -  I)  cosa  S  tan  q   sin  k 
\     .    let   /.  repi  i  ch  the   mi  i  ii 

strument  makes  with  the  true  meridian,  and     a  =  L 
in  which  a  will  express  the  azimuth  of  the  rotation 
axis,  put      l/i  =  \   //..     and  rliunu.it.'    h    from   equation 
have 

CO    S        in(<f+S)  Bin (y— 8)] 


(3) 


./S  =  k  1L 


la 


COS  'i 
COS  8  V[sin  (V+8)  sin  (e 


8)] 


0.1 

0.005 

0.6 

•' 

10 

.7 

.3 

L5 

,8 

,l 

20 

.9 

0.5 

U.I  II'.", 

1.0 

Sill  J(f 

For  a  Lyrae  the  following  table,  computed  by  formula  i  I ). 
ents  the  effect  of  a  change  of  azimuth,  by  tenths  of  a 
second  oi  arc,  upon  the  observed  declination. 
a  JS  a  Jo 

ii.h:;ii 
35 
Hi 
45 

0.050 

l  elapsed  time  for  the  several  stars  I  am  observing 
between  the  easl  and  the  wesl  vertical,  varies  from  one 
hour  to  two  hours  and  forty  minutes.  In  that  period  the 
temperature  are  usually  small  and  I  do  not 
think  them  sufficienl  to  disturb  the  azimuth  as  much  as 
0".3,  which  would  produce  an  error  of  0".01  in  the  decli- 
nation. However,  to  have  control  of  the  azimuth,  a  mark 
would  remove  all  doubt  upon  that  point. 

The  collimation-orror  of  the  instrument  need  not  be  con- 
sidered,  for  the  process  of  observing  eliminates  that. 

In  the  field  of  the  eyepiece  are  seven  threads,  in  two 

groups,   each    side   of  the   central    thread,    and    far    enough 

■  permit  the  instrument  to  be  reversed  alter  the 

star  has  passed   the   last    thread,  and    before  it  would  again 

In  other  words,  the  motion  of  the  star  is  so  slow 

that  the  instrument  can  be  reversed  after  the  object  has 

■   i  hese  groups  and  again  reset. 

This  is  the  Struve  method   of  observing,  and  it  removes 

the  e:  each  set  of  1  ransits. 

The  fifth  condition  is  one  that  I  have  given  a  thorough 
examination.  The  polished  surface  of  each  pivot  is  an 
inch  wide,  but  the  central  portion  that  rests  in  the  3"s  is 
aboul  inch.     I  made  the  following  experi- 

ments r  pivot    had  a  conical  form,  or 

was  n  centered  in  the  cube,  and  if  so,  how  much 

was  likely  to  arise  from  a  departure  from  a  true 
c\  Under  for  each 

The    in-.t  rument  it      posit  ion    lor    observing,    I 

placed  the  level  on  the  pivot     as  far  toward  the  south  as 

possible.       1    then    read    the    ll  I  lie  frame  a 

distance  toward  the  north,  and  then  made  another  reading. 
I  continued  these  readings  until  the  level  had  been  moved 
issible  toward  the  north.     It  was  then  moved 


bark  l,\  these  several  steps  to  the  south  end  of  the  pivot. 
The  level  was  reversed,  and  two  sets  of  readings  forward 
and  back,  were  made,  reversed  back  to  its  first  position, 
and  the  same  process  gone  through  with. 

I  made  a  scale,  and  divided  the  length  of  the  pivot 
over  which  these  experiments  could  be  made,  into  seven 
parts,  and  by  using  that  I  was  confident  the  level  was 
placed  in  practically  the  same  position  for  each  of  these 
readings.  The  following  table  contains  the  results,  for 
the  two  positions  of  the  clamp,  and  also  the  direction  in 
which  the  object-glass  w'as  facing. 

This  experiment  is  a  delicate  one,  and  it  may  be  expected 
to  have  variations  in  the  readings.  It  will  be  noticed  that 
the  central  portion  of  each  pivot  has  become  slightly  worn 
from  the  use  of  the  instrument  during  the  past  eight  years, 
but  these  level-results  do  not  indicate  that  the  pivots  to 
the  prime  vertical  are  conical  inform.  If  they  were  so, 
then  these  readings,  as  the  frame  is  moved  along  on  the 
pivot,  would  have  an  increasing  or  decreasing  value,  de- 
pending upon  which  end  of  the  pivot  was  the  larger.  In 
the  fifth  experiment  a  gradual  decrease  of  the  level  is 
somewhat  apparent. 

The  part  of  the  pivot  that  rests  in  the  Y,  and  also  the 
opposite  side  upon  which  the  level  frame  is  placed,  when 
observing  with  the  instrument,  is  that  portion  in  these 
readings  half-way  on  either  side  of  the  central  result  in 
each  set. 

I  do  not  deem  these  investigations  conclusive,  and  they 
are  to  be  continued.  In  the  table  the  plus  sign  shows  that 
the  south  end  of  the  axis  wac  high. 


CI.      North 
O.G.  East 


South 
East 


South 

East 


North 
East 


North 

West 


South 

West 


+  l.|,-,  -1.00  -1.37  +2.41 

+  1.22  -    .74  -1.24  +2.08 

+   .98  -    .56  —1.06  +1.39 

+   .57  -   .84  -  .51  +   .86 

+   .09  -1.28  -   .10  +   .80 

_  .00  _l.(U  _  .11  +   .80 

+   .53  -1.72  +    .24  +1.38 


-1.77         +1.23 
-1.03        +   .60 

-  .48        +   .01 

-  .38         -    .43 

-  .41         -   ..",1 

-  .92        —   .34 
L.06        +   .14 

The  verticality  of  the  transit  threads  is  from  time  to 
time  tested  by  the  aid  of  a  small  collimator  temporarily 
mounted  in  the  observing  room. 

In  observing  with  our  prime  vertical  I  have  always  re- 
corded the  transits  on  the  chronograph.  1  have  found  that 
more  convenient,  and  in  observing  a  star  that  is  constantly 
changing  its  zenith-distance,  it  is  more  conducive  to  accu- 
racy, in  my  judgement,  to  have  but  one  thought  to  occupy 
the  mind  when  observing  instead  of  attempting  to  keep 
the  beat  of  the  clock  in  the  mind,  a  pencil  and  the  observ- 
ing book  in  the  hand  with  which  to  record,  and  a1  the  same 
time  either  depress  or  raise  the  eye-end  of  the  transit  to 
keep  the  star  in  the  center  of  the  field.  But  above  all,  the 
observer  should  refrain  from  constantly  changing  the  focus 
of  the  eye,  bj  transferring  the  vision  from  a  slightly  illumi- 
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nated  field  to  the  face  of  a  clock  made  visible  by  a  lamp. 
There  is  more  vicious  personal  equation  in  transits,  when 
au  observer  changes  the  position  of  his  eye  from  a  large 
metal  face  made  bright  by  a  light  to  a  field  crossed  with  small 
dark  lines  faintly  illuminated,  than  there  is  in  all  other 
forms  of  personal  equation  combined. 

Observing  in  the  prime  vertical  and  in  the  meridian  are 
not  at  all  similar.  In  the  meridian  a  transit  is  across 
threads  that  are  at  right-angles  to  the  nfotion  of  the  star, 
and  the  motion,  except  in  stars  well  to  the  north,  is  quite 
rapid.  On  the  prime  vertical  the  motion  of  the  star  over 
the  threads  is  at  an  acute  angle  with  respect  to  their 
position.  Moreover,  the  star  has  not  that  rapid  motion  as 
in  meridian-transits,  and  appears  to  slide  along  the  thread, 
producing  practically  a  bisection.  The  cause  is  the  result- 
ant of  two  motions  of  the  star,  one  downward  or  upward, 
depending  upon  which  vertical  it  is  being  observed,  and 
the  other  across  the  field  of  the  eyepiece. 

The  equatorial  interval  of  the  transit-threads  in  our 
prime  vertical,  is  three  seconds,  and  for  a  Lyrae,  due  to  its 
position,  the  interval  is  about  thirty-one  seconds. 


The  smallest  interval  between  threads  in  any  of  the  stars 
I  am  observing  is  eleven  seconds,  and  to  consider  that  a 
form  of  personal  equation  can  exist  when  observations  are 
recorded  on  the  chronograph,  and  made  on  the  prime  verti- 
cal, with  intervals  of  motion  from  four  to  ten  times  as  large 
as  would  obtain  for  an  equatorial  motion,  does  not  seem 
probable.  In  the  near  future  I  hope  to  have  the  data  to 
confirm  or  disprove  that  theory. 

The  determinations  of  latitude  that  follow  are  based 
upon  the  star-positions  as  printed  in  Prof.  Newcomb's  New 
Fundamental  Catalogue,  and  are  a  rediscussion  of  all  obser- 
vations to  conform  to  that  catalogue.  The  table  includes 
observations  up  to  the  end  of  1900,  and  there  are  1522 
separate  observations.  All  have  been  reduced  from  mean 
to  apparent  place  by  the  use  of  the  Besselian  star  numbers, 
as  given  in  the  American  Ephemeris  for  log  A  and  log  B. 
Log  C  and  log  D,  which  depend  upon  the  aberration,  I 
have  computed  myself,  using  as  the  constant  20".50. 

The  following  is  a  list  of  stars  used  in  obtaining  these 
latitudes,  their  places  for  1900.0,  and  also  their  proper 
motions. 


Name  of  Star 

R.A. 

Mean  Declination 
1900.0 

Proper 
Motion 

Name  of  Star 

R.A. 

Mean  Declination 
1900.0 

Proper 
Motion 

p  Andromedae 

0  1 :,'":,  \* 

+  37  24  52.85 

-0.037 

e  Herculis 

17  14  13 

+  37  23  46.32 

+  0.059 

p,  Andromedae 

0  51  12 

37  54  25.13 

+  0.007 

p  Hercvlis 

17   20  14 

37  14  15.80 

+  0.005 

p  Persei 

2  57  59 

38  27   10.20 

-0.115 

6  Herculis 

17  52  4'.) 

37  15  49.0S 

+  0.004 

6  Aurigae 

5  52   12 

37  12  20.41 

-0.095 

a  L>/rae 

IS  33  33 

38  41  25.71 

+  0.275 

Groombridge  1450 

S  26  25 

38  21   34.10 

-0.179 

6  Li/me 

19  12  54 

37  57  20.09 

+  0.006 

38  Li/nris 

9  12  37 

37  13  32.91 

-0.133 

15  Cygni 

19  40  40 

37     6  45.98 

+  0.040 

31  Leo.  hi  in. 

10  22     6 

.",7    13   10.79 

-0.112 

40  Cygni 

20  :•:;  52 

38     6    12.52 

-0.059 

a  Cnnvni  Venatic. 

12  51   21 

38  51  30.29 

+0.048 

611  Cygni 

21     2  25 

38  15  27.05 

+  3.244 

y  Ilf iritis 

14   28     3 

38    U  44.25 

+  0.142 

T    Cl/'tlli 

21    10  50 

."■7  37     6.35 

+  0.433 

295  Bootis 

14  45   11 

38  13  21.01 

+  0.113 

72  Cygni 

21    30  41 

38     5     S.23 

+  0.100 

p.  Bootis 

15  20  43 

-K!7  43  40.00 

4- o.oSl 

10  Lacertae 

22  34  40 

+  38  31  46.94 

-0.011 

Monthly  Means  of  the  Observe] 

Latitude. 

Epoch 

No. 

3S°  55' + 

Epoch 

No. 

38   55'  + 

Epoch 

No. 

a 

38°  55' + 

Epoch 

No. 

:;s    ;,.v  -)- 

1S1IC 

1897 

1899 

April22 

10 

14. 73 

Jan.    14 

IS 

14.87 

Aug.  10 

20 

1  4.14 

Apr.  IS 

39 

14.24 

May  14 

13 

1  1.34 

Feb.   15 

IS 

14.66 

Sept.    9 

15 

14.35 

Mav    19 

26 

1  L.30 

June  19 

37 

14.31 

Mar.  13 

25 

14.65 

Oct.    1  1 

12 

1  1. 12 

June  15 

38 

1  l  30 

July  13 

30 

11.57, 

Apr.  16 

10 

14.69 

Nov.  16 

25 

1  t.52 

July  17 

24 

14.24 

Sept.  17 

16 

1  1.5  1 

Mav  17 

19 

1  4.57 

Dec.    30 

IS 

1  1.56 

Aug.  15 

28 

1  1.10 

Oct.    14 

27 

1  1.10 

June  15 

17 

14.76 

lS'.IS 

Feb.  18 
Mar.  13 
Apr.  10 
May  18 
June  17 
July  17 
Aug.  14 
Sept.  19 
Oct.    IS 
Nov.  16 
Dec.  13 

30 

2:; 

12 
IS 

21 

24 

13 
45 
24 
15 
23 

1  t.36 
14.20 
14.24 
1  1,38 

1  1.50 
14.42 
14.57 
1  1.49 

1  1.50 
14.66 
14.56 

Sept.  15 

32 

14.48 

Nov.  17 

36 

14.50 

July  15 

7 

1   1.SO 

Oct.    17 

:;i 

1  1.52 

Dee.  15 

1895 

Jan.     8 

42 
10 

14.55 
14.39 

Aug.  15 
Sept.  13 
Oct.    18 

20 
12 
21 

14.67 
1  L58 
L4.35 

Dec.     2 

1900 

Jan.  24 

28 

14.82 

14.  SI 

Feb.   IS 

17 

14.40 

Nov.  19 

10 

14.51 

Feb.   17 

i 

14.58 

Mar.  IS 

24 

14.43 

Dec.  16 

•  >.. 

14.31 

Mar.  20 

11 

14.2S 

Apr.  14 
Mav  24 

12 

15 

11.07 
14.31 

189; 
Jan.    16 

17 

14.47 

Apr.     9 
June  17 

14 
6 

1  t.32 

1  1.75 

June    9 

12 

14.29 

Feb.  16 

17 

14.10 

July  15 

19 

1  1.56 

Aug.  23 
Sept.  15 

9 
27 

14.50 
14.54 

Mar.  20 
Apr.   17 

21 
30 

14.33 

14.54 

Aug.  12 

Sept.  12 

s 
15 

14.46 
14.52 

Oct.    16 

37 

14.55 

Mav   IS 

32 

1  1.05 

Jan.   24 

10 

14.54 

Oct.    21 

21 

14.64 

Nov.  16 

21 

1  1,85 

June  15 

27 

14.47 

Feb.  15 

8 

1  1.51 

Dec.     7 

14 

14.58 

Dec.  10 

27 

14.  S3 

July  19 

10 

14.58 

Mar.  16 

17 

14.36 
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following  are  tin-                   in  latitudes,  taken  from 

\  ,  .ii    N.i.  ( »bs 

Lat,  of  In-nii 

'i  ear  No.<  »bs. 

Lat.  of  [nstru. 

the  bab                  i  -     rig.     The  Brs1  column  is  the  year,  the 

L894        I'll 

+  :;s  55  1  1.51 

1898     248 

i  38  55  14.45 

second  the  number  of  observation  upon  which  the  mean  is 
based,  and  the  third  is  the  latitude  for  the  year. 

1895     211 

is:  if,    -ii.-, 
1897     244 

.52 

.61 

+•38  55  L4.46 

1899  281 

1900  122 

L522 

.43 
.55 

+38  55  1  t.50 

Eteducl  ion 
Latitude 

t .i  '.hi er  Hi'  clock  room, 
of  Naval  <  >bservatobi  . 

-.52 

Washington,  D.C. 

+3S  55  13.98 

±  0".03 

ON    THE   ORBIT 

(a  =  14h  16'    -      . 
By     GEORGE     C 
In  the  work  entitled  "Researches  on  the  Evolution  of 
-      em,"  Vol.  I,    Professor  T.  J.  J.  See  has 
derived  for  the  binary  star  £  Bootis,  an  orbit  based  upon  a 
fairly  continuous    series    of  observations    extending  from 
1S21  i"  IS95,  supplemented  In  a  few  scattered  observations 
}i\   Sir  W.  Hi  bsi  in  i.  made  prior  to  the  former  date.     The 
of  precision  attributed  to  this  orbit  1>\  the  author  is 
represented  by  the  following  quotation  from  page  157  of 
the  work  cited:     •■  It  is  possible  that  the  period  maybe 
much  as  one  year,  and  that  the  eccentricity  is 
uncertain  to  the  extent  of  about  ±0.02  ;    larger  alterations 
e  quantities  are  not  to  be  expected,  and  the  values 
of  the  other  elements  arc  correspondingly  well  determined." 
\I\    attention   has    been   especially  called   to   this  orbit 
and  to  its  derivation  b\   the  large  discordances  between  the 
ephemeris  based  upon  it  ami  the  results  of  my  own  recent 
ins.     These  discordances,  which    in  the   present 
nnount   to   nearly    10°   in    position-angle  and  0".9  in 
distance,  have  accumulated  during  the  past  six  years,  since 
the  orbit   represents    very   well    the   observations   prior   to 
L895.     This  rapid  accumulation  of  errors  points  to  some- 
abnormal  in  the  data  upon  which  the  orbit  is  based, 
and  suspecting  that  the  errors  were  contained  in  the  early 
observations  by  Hi  bsi  mi.  1   have  plotted  upon  Professor 
Si  i  's  diagram   representing  the  apparent  orbit  of  the  star, 
the  following  observations  which  comprise  all  the  data  sub- 
at  to  1895  that  are  now  accessible   to    me.     These 
is  maybe  compared  with  Professor  See's  ephem- 
eris, a  part  of  which  is  here  reproduced. 

Date  8  P  Obs.  Observer 

L896.43  219.4  2.74  3  Greenwich  observers 

1896.49  222.7  2.80  3  Comstock 
L897.33  219.2  2.82  1  Greenwich 
lv.i7.IT  219.0  2.93  2  Brown 

1897.50  216.2  2.90  2  Comstock 
L898.54  212.6  2.78  3  Comstock 
1899.21  208.7  2.72  3  Aitken 
L899.40  208.4  2.70  2  Greenwich 
1899.42  208.5  2.74  1  Brown 

13  208.1  2.99  3  See 

L899.54  208.6  2.77  3  Con 

L900.44  L98.2  2.98  1  Greenwich 

1901.46  L96.1  2.72 


OF   f  BOOTis, 

S  =  +l»c  31'), 

C  O  M  S  T  O  C  K  . 

Pkol  i  ; 

See's  E 

•HEMEIUS 

1896.50 

221.2 

2.65 

1897.50 

216.2 

2.53 

1898.50 

210.1 

2.40 

1899.50 

203.4 

2.25 

1900.50 

195.7 

2.06 

1901.50 

186.J 

L.83 

Through  the  plotted  points  corresponding  to  these  obser- 
vations and  through  the  points  of  Professor  See's  diagram 
for  all  dates  later  than  1820  I  have  drawn  the  best  ellipse 
that  I  can  fit  to  them,  and  find  that  this  curve,  whose  area 
is  about  40  per  cent,  greater  than  that  of  Professor  See's 
orbit,  represents  very  well  the  recent  observations,  while 
between  the  years  1840  and  1895  it  is  practically  indis- 
tinguishable from  Professor  See's  curve.  Between  182(1 
and  1840  the  new  ellipse  fits  the  plotted  points  rather  bet- 
ter than  does  the  old  one,  the  sums  of  the  squares  of  the 
residual  errors,  in  millimeters,  being  280  as  against  328  for 
Professor  See's  curve.  During  the  past  SO  years,  there- 
fore, within  which  the  companion  star  has  moved  over  an 
arc  of  rather  more  than  140°.  there  is  no  considerable 
period  within  which  Professor  See's  ellipse  represents  the 
data  better  than  does  the  larger  one  which  I  have  substi- 
tuted for  it,  while  in  some  measure  at  the  beginning  of  the 
period  and  in  very  marked  degree  at  its  close  the  new 
ellipse  is  to  be  preferred  to  the  old  one. 

Of  Professor  See's  data  there  remain  to  be  considered 
only  the  two  plotted  points,  to  which  he  assigns  the  dates 
1780  and  1804,  which  I  have  not  used  in  drawing  the  ap- 
parent orbit.  The  observations  corresponding  to  these 
points  are  given  by  Professor  See  and  by  Sir  John  Her- 
■~.n  ii.  A  Synopsis  of  all  Sir  William  Herschel's  Micro- 
metrical  Measurements,  etc.),  as  follow 

Serschel  si:e 


Dale 

1780.662 
1781.266 
1.782.285 

18(11.252 


2  1.12 
353.90 


p 

I'.h 


>3.23 


1780.69 
1804.25 


24.1 
353.9 


3.23 
6± 


In  a   paper  read  before  the  Royal    Lstr mica!  Society 

in  1833,  Herschel,  in  commenting  upon  these  observations 
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ami  certain  others  of  the  same  star,  remarks  that  it  "seems 
impossible    to    conciliate    them    all    with    any    supposable 

orbit,"  an  opinion  in  which  I  think  everyone  must  c in 

who  examines  the  data.  In  the  same  paper  he  reproduces 
what  is  apparently  a  memorandum  made  by  W.  Hekschel  in 
1804,  that  the  companions  of  £  Bootis  are  ••  farther  apart 
than  tho.^e  of  w  Bootis"  and  comments  upon  it  as  follows  : 
<•'  The  distance  of  the  latter  star  is  6". 889,  and  since  a  judg- 
ment of  this  kind,  to  be  decisive,  supposes  some  consider- 
able difference  between  the  objects  compared  it  is  probable 
that  the  interval  between  the  two  stars  must  have  been  9" 
or  10"  at  the  least."  However,  for  his  own  use  in  com- 
puting an  orbit  of  this  star,  he  tabulates  the  distance  as 
"  >  7"."  My  apparent  orbit  makes  the  distance  between  the 
stars  corresponding  to  the  position-angle  353  .9  to  be  7".3. 
and  in  view  of  the  above  quotations  it  seems  to  me  to  con- 
form to  the  observed  data  quite  as  closely  as  does  Professor 
See's  assumed  distance  of  6"±. 

I  am  unable  to  construct  from  Sir  John  Heeschel's 
Synopsis  the  observation  which  Professor  See  gives  for  the 
date  1780.69,  but  assuming  it  to  be  as  printed,  I  find  cor- 
responding to  this  position-angle  in  my  apparent  orbit  a 
distance  of  5".0,  while  Professor  See's  orbit  furnishes  2".S. 
The  discrepancy  of  1".S  furnished  by  the  former  orbit  does 
not  seem  to  me  intolerable  in  view  of  the  errors  affecting 
many  of  Hekschel's  observations,  but  whatever  interpre- 
tation may  be  placed  upon  this  particular  observation,  I 
prefer  the  concurrent  testimony  of  the  modern  results, 
which  are  quite  irreconeiliable  with  any  such  distance  as 
that  assumed  by  Professor  See  for  the  epoch  1780. 
Washburn  Observatory,  1901  July. 


The  observations  subsequent  to  1820  are  hardly  sufficient 
to  determine  a  satisfactory  orbit,  but  as  I  have  not  found 
it  feasible  to  draw  through  the  plotted  points  of  the  dia- 
gram any  ellipse  differing  greatly  from  my  apparent  orbit, 
I  have  derived  from  the  latter,  by  the  method  of  Kltnker- 
fues,  the  following  elements  which  may  serve  as  a  prelimi- 
nary determination.  For  the  sake  of  comparison  Professor 
See's  elements  are  placed  beside  them. 


COMSTOCK 

See 

p 

172  vears 

128.0  vears 

T 

1908 

1903.90 

e 

0.49 

0.721 

a 

5".  10 

5".5578 

£ 

165°. 

10°.5 

< 

35. 

52.28 

A 

8. 

239.25 

0 

-2.095 

-2.S1L':, 

A  criterion  for  deciding  between  these  elements  will  be 
furnished  by  the  observations  of  the  next  few  years.  Ac- 
cording to  Professor  See  the  motion  in  position-angle  will 
be  very  rapid,  and  the  distance  will  decrease  notably,  so 
that  for  the  epoch  1904.50  we  shall  find  the  coordinates  of 
the  companion  as  given  below,  while  from  my  apparent 
ellipse  I  find  them  to  be,  approximately,  as  shown  in  the 
second  line  of  the  table. 


Epoch 

6 

P 

Computer 

1904.50 

125.5 

1.03 

See 

1904.50 

180. 

2.6 

Comstock 

OBSERVATIONS    OF    COMET    1900  III  (giacobini), 

MADE    AT    THE    ('II  A  \]  ! :  I :  I:  I,  I  \    or.. I    K\    VICKY,    UNIVERSITY    I'AKK,    COLORADO, 

BY   CIIAKI.ES   .1.    LING. 


The  following  observations  were  made  with  the  Bruce 
Micrometer  on  the  twenty-inch  equatorial,  the  magnifying 
power  belli--  two  hundred.      The  right-ascension  observa- 


tions are  chronographic.     The  declination  bisections  were 
made  while  the  object  was  drifting  through  the  field. 


1901  Univ.  ParkM.T. 

* 

No. 

#- 

-* 

^'s  apparent 

log 

pA 

Comp. 

Ja 

z»S 

a 

8 

for  a 

for  8 

Jan.   HI      S   39       1 

1 

20  .  6 

-2"'5.v.i:: 

-12  15.4 

0  36  56..-,  1 

-22"  45  24.9 

0.57S 

0.834 

1ii    s  :,:;   1:1 

■, 

10  ,  2 

-2  23.75 

-   7  57.9 

ii  30  58.78 

22    15     1.2 

9.600 

0.826 

14      7   20   15 

3 

20  ,  6 

-4  10.06 

-   1    39.4 

o  57   21.11 

-22  13    lo.o 

9.382 

0.870 

14    7  :;(;  29 

1 

20  .  6 

-3  36.94 

-   7  45.0 

o  57  25.13 

-22  13  41.6 

9.432 

0.864 

15     7   47   29 

4 

2o  .  6 

+  1    26. OS 

+   1  36.9 

1     2  28.13 

-22      1    10.7 

9.459 

0.860 

lb    7  r,r,    i 

5 

2n  .  0 

+  3.50.71 

+   8  33.5 

1      7  26.41 

-21  54  32.0 

9.475 

0.857 

16     S      0    If, 

6 

I'd  .  6 

+-  1    14.47 

+  14  26.4 

1     7  3o.:,:; 

-21  51   10.1 

9.50S 

0.850 

18     8     6   22 

i 

20  .  S 

-1     5.97 

+   5  32.8 

1    17  13.54 

-21  33   12.6 

9.49G 

0.852 

18     8  20  45 

8 

19  ,  6 

-2  38.03 

+  3  44.3 

1  17  15.82 

-21  33     5.4 

0.51-6 

0.845 

L84 
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Places  for  1901.0  of  C 

vmparison-  Stars. 

* 

a 

Red.  to 
app.  place 

s                       Red.  to 
o                    app.  place 

Authority 

1 

ii      in 
ii  39  51.T7 

■f  hi;; 

-22  33     5.1 

-4.4 

Yarnall  .'171 

•> 

o  39  21.87 

+0.66 

-22  36  58.9 

-4.4 

Argentine  General  Catalogue  665 

:; 

1      1   30  15 

+  0.72 

—  22   12      I.I 

-5.2 

Weiss's  Argelander  514 

i 

1      1     1.35 

j   +0.72 

(   +0.70 

-22     5  51  l 

j  -5.2 
(  -5.2 

«              «          506 

5 

1     3  35.00 

+  0.7O 

-22     3     0.2 

-5.3 

»               »           533 

6 

1     :;  15.36 

+  0.70 

-22     S  40.2 

-5.3 

531 

1    is   is.:.; 

+  0.7S 

-21  38  ;:'.). 7 

—  5.7 

"               "           658 

s 

1  19  53.06 

+  0.79 

-21  36  44.0 

-5.7 

677 

University  Park.  Colorado,  1901  July  12. 


CORRECTIONS   TO   OBSERVATIONS   OF   COMET  b  1900  II,  IN 

By  CHARLES  J.  LING. 


A.. I.  41)1-492, 


On  account  of  a  systematic  error  in  the  reductions  of 
the  comparison-stars  above  60°  north  declination,  the  posi- 
bions  of  Cornel  b,  1900  II,  in  A.J.  491-492,  pp.95.  96,  are 

Correct  Comkt's  Apparent  Places. 


1900 

Comet's 

Apparent 

log 

for  a 

for  8 

* 

a  (1900.0) 

Red.  to 
app.  place 

8(iono.o) 

Red.  to 
app.  place 

\ '  1 1: . 

15 

3  43  11.44 

+  74  29  r,:\.r, 

wO.113 

0.755 

15 

3  55  19.03 

+    6.59 

+  74. 21  45.1 

-   9.6 

17 

4     2  24.44 

77   56     0.7 

raO.240 

0.710 

16 

4     5  36.13 

+   7.79 

77  49  43.4 

11.0 

20 

1    51    5S.li!) 

82  12  12.2 

nO.343 

0.704 

17 

4  47  4S.88 

+  10.04 

82  22     1.6 

14.6 

21 

5  21     3.93 

83  26  51.6 

m0.520 

0.592 

18 

5  11  47.00 

+  11.15 

83  46  34.9 

16.3 

22 

5  59  11.17 

84  28  41.7 

a0.651 

0.414 

19 

5  53  51.50 

+   9.77 

84  11  51.6 

•       18.5 

23 

6  46  lo. os 

85  13  24.0 

raO.668 

0.595 

20 

6  40     4.04 

+   8.02 

85  19    lo.o 

20.4 

25 

8  41   18.83 

85  50  50.4 

9.264 

0.855 

21 

S  47     3.56 

2  22 

85  57     0.5 

21.2 

Sept 

28 

1  1   25  21.18 

+  09  18  56.3 

o.oio 

0.763 

oo 

1  I   27  26.14 

_  2.58 

+  69  29  30.0 

-   2.9 

incorrect   after  1900  Aug.  6.     The    following  are    all    the 
data  there  given  that  require  emendation  : 

Correct  Comparison-Star  Places. 


PROPER   MOTION 


Star  No.  2  135  of  the  A.G.  Catalogue  (Bonn)  has  a  proper 
motion  of  about  +0e.053  in  R.A.,  and  — 0".31  in  Declina- 
tion. This  star  was  used  as  a  comparison-star  in  Eros- 
,m  Oct.  -  ami  .'!.  1900,  and  the  positions  of 
Eros  did  not  agree  with  those  obtained  by  comparisons  with 
Bonn,  Nos.  2423  and  2427.  which  were  also  used  as  com- 
parison-stars on  Oct.  2  and  3  respectively.  This  led  to  a 
micrometric  comparison  of  No.  2435  with  Nos.  2423  and 
2427,  the  results  of  which  show  the  above  proper  motion. 


OF   BONN  A.G.  CATALOGUE,   NOS.  2435  AND  218.", 

By  CHARLES  J.  LING. 

No.  2435  was  also  compared  with  No.  2485,  and  a  study 
of  all  of  the  results  show  a  proper  motion  for  No.  2485  of 
-0".012  in  R.A.,  and  — 0"-03  in  Declination. 

A  study  of  B.  H.  Tucker's  Meridian-Circle  Observations 
in  the  Lick  Observatory  Bulletin,  No.  1,  confirms  the  fact 
of  a  large  proper  motion  of  No.  2435.  though  his  obser- 
vations seem  to  indicate  slightly  larger  values.  The  proper 
motion  of  No.  2485  appears  to  be  confirmed. 

University  Furl,-.  Colorado,  1901  July  5. 
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ECLIPSE 

By  JOHN  X. 

Having  devoted  considerable  time  during  several  years 
to  the  computation  of  ancient  eclipses,  the  question  of 
their  periodicity  has  very  naturally  received  some  attention  ; 
and  the  results  of  my  studies  on  the  subject  are  deemed 
of  sufficient  importance  to  be  preserved  for  the  benefit  of 
astronomers.  The  problem  of  eclipse-cycles  is  not  new  ; 
but  astronomers  during  the  past  three  thousand  years 
seem  to  have  been  content  with  the  celebrated  Chaldean 
eclipse-cycle  of  18  years  and  10  days,  called  the  Saros, 
which  has  been  known  from  the  remotest  antiquity.  There 
is,  however,  another  eclipse-cycle  of  somewhat  longer  period, 
but  vastly  more  accurate,  to  which  I  wish  to  call  the  atten- 
tion of  astronomers.* 

In  order  to  investigate  this  cycle  we  may  observe  that 
according  to  observation,  the  line  of  conjunction  of  the 
sun  and  moon  advances  in  longitude  in  each  lunation 
through  an  arc  of  29°. 105  616  7892  ;  and  during  the  same 
interval  of  time  the  moon's  node  retrogrades  in  longitude 
through  an  arc  of  1°.564  S725724.  If  we  denote  the  moon's 
longitude  by  nt,  and  the  longitude  of  the  moon's  ascend- 
ing node  by  Q, ,  and  suppose  them  to  be  in  the  same  straight 
line  at  a  given  instant,  at  the  end  of  one  lunation  we  shall 
have  : 

nt-Q,  =  3o!o70  489  3616  (1) 

This  equation  will  give        G(nt-Q,)  =  J 84.022  936  1696  (2) 

41(/^-£)  =  177.490063S256  (3) 

The  sum  of  (2)  and  (3)  is     tf\nt-Q)=     1.5129999952  (4) 

The  sum  of  (3)  and  (4)  is     SS^-S)  =  179.003063  8207  (5) 

The  sum  of  (4)  and  (5)  is  135(^-&)  =  1S0.516063  8159  (6) 

The  sum  of  (5)  and  (6)  is  223(?i*'-8)  =  359.519127  63i;i;  ,7. 

The  sum  of  (6)  and  (7)  is  358^-^)  =  180.035  1914525  (8) 

Each  of  these  equations  represents  an  eclipse-cycle  ;  but 
the  first  four  are  very  imperfect  and  will  receive  no  fur- 
ther attention. 

The  sun's  ecliptic  limits  being  18°  on  each  side  of  the 
node,  it  follows  that  there  is  an  arc  of  36°  along  the  ecliptic 

*  Since  the  above  article  was  put  into  type  I  have  learned  that 
Oppolzer  had  previously  made  use  of  the  29-year  cycle  in  hi<  tables 
of  eclipses.  — S. 


CYCLES, 

STOCKWELL. 

through  which  the  moon  must  pass  in  each  lunation  ;  and 
if  the  sun  happened  to  be  in  the  same  arc  an  eclipse  would 
take  place.  Suppose  now  that  a  conjunction  took  place  at 
say  17°  to  the  westward  of  the  node,  there  would  be  a  small 
eclipse;  and  since  the  line  of  conjunction  advances  with 
respect  to  the-  node  30°.67  in  each  lunation,  it  follows  that 
another  conjunction  and  eclipse  would  take  place  at  a  dis- 
tance of  13°.67  to  the  eastward  of  the  node.  Moreover,  in 
five  lunations  the  line  of  conjunction  advances  153°. 35,  and 
this  added  to  13°.67  gives  167°.02;  or  a  fifth  conjunction 
and  eclipse  would  take  place  at  a  distance  of  12°.98  to  the 
westward  of  the  other  node.  If  we  subtract  this  from 
30°. 67  we  get  17°.69,  as  the  distance  to  the  eastward  from 
the  node  at  which  a  conjunction  and  small  eclipse  would 
take  place.  We  thus  see  that  eclipses  of  the  sun  may  take 
place  at  intervals  of  one  lunation  and  also  at  intervals  of 
five  lunations,  although  the  usual  interval  is  six  lunations. 
We  also  see  that  there  may  be  two  eclipses  within  the 
ecliptic  limits  of  each  node,  and  consequently  there  may  be 
four  eclipses  of  the  sun  in  the  course  of  a  year.  The 
usual  number,  however,  is  only  two,  one  at  each  node,  at 
intervals  of  six  lunations. 

In  the  cycle  of  88  lunations  there  are  SS  conjunction 
points  distributed  along  the  ecliptic  at  distances  of  4°.0909 
from  each  other;  and  since  the  ecliptic  limits  at  the  two 
nodes  amounts  to  72°,  or  one-fifth  of  the  circumference,  it 
follows  that  there  will  be  one-fifth  as  many  eclipses  as  there 
are  lunations  in  the  cycle.  In  this  cycle  there  will  there- 
fore be  seventeen  or  eighteen  eclipses  :  of  which  ten  or 
eleven  will  be  central  somewhere  on  the  earth.  Each  of 
these  eclipses  will  begin  its  cycle  as  a  small  one  near  one 
pole  of  the  earth.  In  88  lunations  it  will  recur  at  a  con- 
siderably greater  distance  from  the  opposite  pole ;  and 
after  five  or  six  recurrences  it  will  become  central  near  the 
poles  and  gradually  approach  the  central  latitudes  of  the 
earth  during  eleven  or  twelve  recurrences.  It  will  then 
recede  from  the  equator  according  to  the  same  law  that 
determined  its  previous  approach  ;  and  finally  after  about 
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250  years  it  will  have  passed  beyond  the  ecliptic  limits  and 
remain  there  for  more  than  a  thousand  years.  The  cycle 
of  88  lunations  or  7.11  years,  although  convenient  for  a 
short  period  of  time  would  require  too  frequent  adjustment 
to  be  of  much  value  in  the  discussion  of  the  eclipses  of 
ancient  times.  In  general,  eclipses  would  happen  at  new 
conjunction  points  every  144;  years. 

The  cycles  of  L35  lunations  and  of  I"-'.'!  lunations  possess 
nearly  the  same  degree  of  accuracy;  but  the  former  gives 
27  eclipses,  each  of  which  will  recur  either  as  a  partial  or 
central  eclipse,  about  70  times,  embracing  some  761  years; 
while  the  latter  gives  about  45  eclipses,  each  of  which 
recurs  about  75  times,  and  includes  a  period  of  1350  years. 
V ■:  tier  of  these  cycles  is  convenient  or  useful  in  the  cal- 
culation and  discussion  of  ancient  eclipses  ;  although  the 

of  223  lunations  has  become  justly  celebrated  as  the 
only  eclipse-cycle  known  ;  and  was  discovered,  or  at  least 
made  known  to  the  Arabians  by  the  ancient  Chaldeans. 
In  general  in  these  two  cycles  eclipses  would  happen  at 
new  conjunction  points  at  intervals  of  28  and  30  years 
respectively. 

We  shall  now  consider  the  eclipse-cycle  of  358  lunations. 
This  cycle  seems  to  possess  every  desirable  attribute  for 
the  prediction  and  discussion  of  eclipses  in  all  ages.  Its 
period  of  about  twenty-nine  years  (more  exactly  28  years 
and  345  days),  is  not  long  enough  to  make  it  cumbersome 
and  unwieldy ;  but  its  most  valuable  quality  is  the  extreme 
slowness  with  which  the  most  important  eclipse-elements 
change  in  passing  from  cycle  to  cycle.  We  have  already 
seen  that  if  a  conjunction  takes  place  exactly  at  a  node, 
after  358  lunations  a  conjunction  will  take  place  only 
0\n:;52  or  2'  6"  beyond  the  other  node;  whereas,  in  the 
celebrated  Chaldean  cycle  of  18  years,  a  new  cycle  would 
begin  at  a  distance  of  28'  51"  from  the  node.  This  slow 
change  of  the  elements  is  of  the  utmost  importance  in  the 
theory  of  eclipses  ;  and  we  shall  here  explain  and  illustrate 
it  with  all  the  detail  its  importance  requires. 

\-  there  are  358  conjunction  points  in  this  cycle,  it  fol- 
lows that  they  must  be  uniformly  distributed  along  the 
ecliptic  at  intervals  of  1°. 005587  ;  and  about  72  of  these 
conjunction  points  must  be  within  the  ecliptic  limits  of 
both  nodes  ;  and  that  number  of  eclipses  will  occur  in  each 
cycle.  If  then  a  conjunction  point  has  come  within  the 
ecliptic  Limits  a  small  partial  eclipse  will  take  place  near 
one  pole  of  the  earth  ;  and  after  35S  lunations  a  second 
conjunction  and  eclipse  will  take  place  only  2'  6"  nearer 
the  opposite  node  and  a  little  larger  eclipse  would  take 
place  at  the  opposite  pole.  This  process  will  be  repeated 
embracing  a  period  of  5800  years  before 
the  conjunction  poinl  approaches  sufficiently  near  the  node 
pse  to  become  central.     It  will  then  continue  to 

. 'r.-il  during  about  625  cycles  or  18100  years,  during 
which  time  it  will  have  passed  to  the  equator  and  retreated 


again  to  the  poles,  when  it  will  become  a  partial  eclipse, 
growing  smaller  and  smaller  in  each  successive  cycle,  for  a 
period  of  5800  years,  when  the  conjunction  point,  at  which 
it  took  place,  will  have  passed  beyond  the  ecliptic  limit, 
where  it  will  remain  during  a  period  of  about  118400  years. 
In  general,  a  new  conjunction  point  will  come  within  the 
ecliptic  limits  on  an  average  of  about  once  in  an  interval 
of  413.54  years;  but  just  as  many  would  pass  out  as 
came  in. 

A  conjunction  point  therefore  remains  within  the  ecliptic 
limits  during  a  period  of  about  1025  cycles,  which  amounts 
to  about  29(500  years  ;  and  is  many  times  longer  than  history 
or  tradition  reaches  into  the  past.  In  order  to  give  practical 
value  to  this  cycle,  it  is  therefore  only  necessary  to  prepare 
a  table  showing  the  mean  elements  of  all  the  eclipses  which 
occur  during  the  brief  period  of  358  lunations  or  twenty- 
nine  years.  This  I  have  done  in  Table  I  for  eclipses  of  the 
sun,  aud  in  Table  II  for  eclipses  of  the  moon  ;  which  will 
now  be  explained. 

It  is  a  matter  of  no  consequence  as  to  what  period  of 
time  these  358  lunations  cover ;  but  as  all  astronomical 
tables  must  have  an  epoch,  I  have  adopted  the  time  of 
mean  new  moon  of  May  28,  A.D.  1900,  as  the  epoch  of  the 
tables  for  past  eclipses;  and  the  time  of  mean  new  moon 
June  17,  A.D.  1871,  as  the  epoch  for  future  eclipses.  In 
days  of  the  Julian  Period  these  dates  are,  May  28,  1900 
=  kl5168a.198S;  and  June  17,  1871=2404596d.247o,  in 
Washington  mean  time  of  the  Julian  Period. 

In  the  preparation  of  Table  I,  I  have  supposed  the  sun's 
ecliptic  limits  to  be  25°  instead  of  18°,  on  each  side  of  the 
node;  so  that  the  table  really  includes  about  twenty-eight 
conjunction  points  which  are  at  present  outside  of  the 
ecliptic  limits,  but  which  will  gradually  approach  and 
finally  come  within  them.  This  extension  of  the  table 
beyond  present  needs  adds  ahout  6000  years  to  the  life  of 
the  table,  and  enables  us  to  investigate  with  very  little 
labor,  eclipses  that  took  place  35000  years  ago ;  and  also 
those  that  will  occur  during  35000  years  to  come.  The 
table,  therefore,  in  its  present  form  really  embraces  a  period 
of  70000  years  ;  and  by  filling  in  omitted  values  its  useful- 
ness may  easily  be  extended  to  all  past  and  future  time. 
The  numbers  given  are  independent  of  the  secular  varia- 
tions of  the  elements  of  the  moon's  motion  ;  for  the  secular 
variation  of  the  node  is  the  same  as  that  of  the  mean  longi- 
tude and  consequently  disappears  in  the  term  nt0—  Q,0  of 
the  table. 

For  past  eclipses  of  the  moon,  the  epoch  of  Table  II,  is 
the  -I  i  i.ian  day  2415182a.9632  corresponding  to  June  13, 
A.D.  1900;  and  for  future  eclipses  it  is  the  Julian  day 
2504611d.0128,  corresponding  to  duly  2,  1871.  The  lunar 
c  limits  being  much  less  than  those  of  the  sun,  a 
much  less  elaborate  degree  of  expansion  has  been  deemed 
sufficient. 
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TABLE  I. 
Solar  Eclipse-Cycle  of  35S  Luxations. 


Past  Eclipses 
N 

Date 

Day  of  Julian  Period 

T0 

nt0  =  n't,, 

»0 

nt0— &„ 

Future  Eclipses 

0 

1900  May 

28 

2415168.197'.! 

65.2755 

350.181S 

174?6450 

358 

5 

1899  Dec. 

31 

5020.5449 

279.747.". 

333.7383 

21.2926 

353 

6 

1899  Dec. 

2 

4991.0143 

250.6419 

330.4400 

350.6221 

352 

11 

1899  July 

7 

4843.3614 

105.1137 

314.0057 

197.2697 

347 

12 

1899  June 

7 

4813.8308 

76.0081 

310.7170 

166.5092 

346 

17 

1899  Jau. 

11 

4666.1779 

200.4801 

294.2735 

13.2467 

341 

18 

1898  Dec. 

12 

4636.6473 

261.3745 

290.9848 

342.5762 

340 

23 

1898  July 

17 

4488.9945 

115.S463 

274. .-.409 

189.2238 

335 

24 

1898  June 

18 

4459.4638 

86.7407 

271.2522 

158.5533 

334 

29 

1898  Jan. 

21 

4.'!1 1.8109 

301.2126 

254.8084 

5.2009 

329 

35 

1897  July 

28 

4134.6273 

126.5790 

235.0762 

181.1779 

323 

41 

1897  Feb. 

1 

3957.4439 

311.9452 

215.3436 

357.1550 

317 

46 

1896  Sept. 

6 

3809.7909 

166.4172 

198.9001 

203.8025 

312 

.47 

1896  Aug. 

8 

3780.2603 

137.3116 

195.6114 

173.1320 

311 

52 

1896  Mar. 

13 

3632.6074 

351.7834 

179.1676 

19.7796 

306 

53 

1896  Feb. 

13 

3603.0768 

322.6778 

175.8788 

349.1091 

305 

58 

1S95  Sept. 

18 

3455.4239 

177.1498 

159.4353 

195.7566 

300 

59 

1895  Au?. 

19 

3425.S934 

148.0440 

156.1463 

165.0862 

299 

64 

1895  Mar. 

25 

3278.24D4 

2.5160 

139.7028 

11.7337 

294 

65 

1895  Feb. 

24 

3248.7098 

333.4104 

136.4141 

341.0632 

293 

70 

1894  Sept. 

29 

3101.0569 

187.8822 

119.9703 

187.7108 

288 

71 

1894  Aug. 

30 

3071.5263 

158.7766 

116.6815 

157.0403 

287 

76 

1894  Apr. 

4 

2923.8733 

13.2487 

100.2380 

3.6878 

282 

82 

1893  Oct. 

9 

2746.6898 

198.6149 

80.5055 

179.6649 

276 

88 

1893  Apr. 

15 

2569.5062 

23.9813 

60.7733 

355.6419 

270 

93 

1892  Nov. 

IS 

2421.8533 

238.4531 

44.3295 

202.2895 

265 

94 

1892  Oct. 

20 

2392.3227 

209.3475 

41.0408 

171.6190 

264 

99 

1892  May 

25 

2244. CC'.iS 

63.8193 

24.5969 

18.2666 

259 

100 

1892  Apr. 

26 

2215.1392 

34.7137 

21.3082 

347.5951 

258 

105 

1891  Nov. 

30 

2067.4862 

249.1857 

4.8647 

194.2436 

253 

106 

1891  Oct. 

31 

2037.9557 

220.0801 

1.5760 

163.5731 

252 

111 

1891  June 

6 

1890.3028 

74.5519 

345.1322 

10.2207 

247 

112 

1891  May 

7 

1860.7722 

45.4463 

341.8435 

339.5502 

246 

117 

1890  Dec. 

11 

1713.1192 

259.9184 

325.3000 

186.1977 

241 

118 

1890  Nov. 

11 

1683.5SS6 

230.812S 

322.1112 

155.5272 

240 

123 

1890  June 

16 

1535.9357 

S5.2S46 

305.6674 

2.1748 

235 

129 

1SS9  Dec. 

21 

1358.7522 

270.6508 

285.9349 

17S.1519 

229 

134 

1889  July 

27 

1211.0992 

125.1228 

269.4914 

24.7994 

21'  1 

135 

1889  June 

27 

1181.5686 

96.0172 

266.2027 

354.1289 

223 

140 

1889  Jan. 

30 

1033.9157 

310.4S90 

249.7588 

200.7765 

218 

141 

1889  Jan. 

1 

1004.3851 

281.3834 

246.4701 

170.1060 

217 

146 

1888  Aug. 

6 

0856.7322 

135.8555 

230.0266 

16.7535 

212 

147 

1888  July 

8 

0827.2016 

loc.7499 

220.7379 

346.0830 

211 

152 

1888  Feb. 

11 

0679.5487 

321.2217 

210.2941 

192.7306 

206 

153 

1888  Jan. 

13 

0650.0181 

292.1161 

207.0054 

162.0601 

205 

158 

1887  Aug. 

IS 

0502.3651 

146.5881 

190.5619 

8.7076 

200 

159 

18S7  July 

19 

0472.8346 

117.4823 

187.2728 

338.0372 

199 

164 

1887  Feb. 

22 

0325.1816 

331.9543 

170.8293 

184.6847 

194 

170 

1886  Aug. 

28 

2410147.9982 

157.3206 

151.0968 

0.6618 

188 

176 

1886  Mar. 

4 

2409970.8146 

342.6870 

131.3646 

176.6388 

182 

Past  Eclipses 
N 

Date 

Day  of  Julian  Period 

at ,  =  n'l 

«o 

»'-S» 

Future  Eclipses 

N 
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CABLE    1.      Soi.ai:    V.i  i  mm   <   \'ii     mi-   .",.~.S    l,i\\riu\<.  -      Cuiitiiiitfil. 


Pas)  i 
\ 

Date 

Day  of  Julian  Period 

/ 

lit,,  =  n't,, 

w„ 

"t.—Q,,, 

Future  Eclipses 
N 

181 

L885  Oi  1 

s 

2409823.1617 

197J.588 

114.9208 

2."..2Sr,l 

177 

L82 

188  i 

8 

9793.631  1 

168.0532 

111.6321 

362.6159 

170 

L87 

1885  Apr. 

i;: 

9645.9781 

22.5252 

95.1886 

199.2634 

171 

188 

L885  Mar. 

L5 

9616.4  176 

353.4197 

91.8998 

168.5929 

170 

I'M 

lssi  Oct. 

is 

9468.7946 

207.8915 

75.4560 

15.2  107, 

165 

L94 

L884  Si  pi 

19 

9439.2640 

178.7859 

72.1673 

34  1.5700 

164 

199 

1884    \[<i: 

24 

9291.6112 

33.2577 

55.7235 

191.2170 

159 

200 

1884  Mai-. 

26 

9262.0806 

4.1521 

52.4348 

100.5471 

1 58 

205 

1883  Oct. 

30 

911  1.4276 

218.6241 

35.9912 

7.1946 

153 

I'm; 

Inn;;  Sept. 

30 

9084.8970 

189.5185 

32.7025 

336.5241 

1 52 

211 

1  883  Ma\ 

6 

8937.2441 

13.9903 

16.2587 

183.1717 

147 

217 

L882  Nov. 

in 

s70o.ooo.-> 

229.3568 

356.5265 

359.1487 

141 

223 

L882  M.in 

16 

8582.8770 

54.7230 

336.7940 

175.1258 

135 

228 

1881  Dec. 

20 

8435.2240 

269.1950 

320.3505 

21.7733 

130 

229 

lssi  Nov. 

I'd 

8405.6935 

240.0892 

317.0614 

351.1020 

129 

23  1 

1 ssi  June 

26 

8258.0405 

94.5612 

300.0 180 

107.750  1 

124 

235 

LS81  Maj 

26 

8228.5099 

65.4556 

297.3292 

167.0799 

123 

240 

L880  Dec. 

30 

8080.8570 

279.9274 

280.8854 

13.7275 

118 

.11 

L880  Dec. 

1 

8051.3224 

250.8218 

277.5967 

343.0570 

117 

L'l'', 

L880  July 

6 

7903.6734 

105.2938 

201.1532 

189.70  15 

112 

252 

L880  Jan. 

11 

7726.4899 

290.6600 

241.42(17 

5.6816 

106 

253 

1879  1  »<■•■. 

12 

7696.9593 

261.5544 

238.1320 

335.0111 

105 

258 

1879  Julj 

18 

7549.3063 

116.0264 

221.6885 

181.6586 

100 

264 

1879  Jan. 

..•> 

7:172.1  22S 

301.3926 

201.9560 

351  .i i 

94 

269 

L878  Aug. 

■  >- 

7224.4700 

155.8644 

185.5121 

204.2833 

89 

270 

1878  -IuIn 

28 

7194.9394 

126.7589 

18?  2234 

173.6128 

88 

275 

L878  Mar. 

•'! 

7047.2864 

341.2309 

105.7709 

20.2r.ii:; 

S3 

276 

1878  Feb. 

1 

7017.7558 

312.1253 

162.4912 

349.5898 

82 

281 

L877  Sept. 

9 

6870.1029 

166.5970 

146.0474 

196.2374 

77 

I'M' 

1ST  7  Aug. 

8 

6840.5723 

137.4914 

1  12.77.S7 

165.5669 

70 

287 

L877  Mar. 

13 

6692.9194 

351.9635 

126.3151 

12.21  1  1 

71 

288 

1S77  Feb. 

12 

6663.3888 

322.S580 

123.0264 

341.5439 

70 

293 

1876  Sept. 

17 

6515.7359 

177.3298 

106.5826 

188.1915 

65 

294 

1876  Aug. 

19 

6486.2053 

148.2242 

103.2939 

157.5210 

64 

299 

L876   Mar. 

24 

6338.5524 

2.6960 

86.8501 

4.1 6S7 

59 

305 

1875  Sept. 

29 

6161.3688 

108.or.2l 

07.1  17S 

ISO.  14  50 

53 

::il 

1875  Apr. 

5 

5984.1853 

13.4286 

47.3853 

356.1227 

47 

316 

1874  Nov. 

8 

5836.5323 

227. '.Mini; 

30.9418 

202.77O2 

42 

317 

1874  Oct. 

10 

5807.0017 

198.7950 

27.6531 

172.0007 

41 

.' ;  2 '_' 

1S7I   M 

15 

5659.3488 

53.2669 

11.2002 

18.7473 

36 

323 

1874    \\iv. 

15 

5629.8182 

24.1613 

7.0205 

348.0768 

35 

328 

is;:;  Nov. 

19 

5482.1652 

238.6338 

351.4770 

ioi.72i:; 

30 

329 

1873  Oct. 

L'ii 

5452.6347 

209.5275 

348.1  sso 

164.0539 

29 

:::;i 

L873  Ma\ 

25 

5304.9817 

63.9995 

331.7445 

10.7014 

24 

335 

1873  Apr. 

26 

5275.4511 

34.8939 

328.4558 

340.0309 

23 

340 

1872  Nov. 

29 

5127.7982 

249.3657 

312.0120 

lso. 07s:, 

18 

:;il 

L872  Oct. 

:;l 

5098.2676 

220.2601 

308.7233 

150.OOSO 

17 

346 

L872  June 

6 

1950.61  16 

74.7321 

292.2798 

2.1 '.7.55 

12 

352 

1871   Dec. 

11 

1773.4311 

260.0983 

272.5469 

178.6326 

6 

357 

1.S71  July 

L6 

1625.7781 

114.5703 

256.1034 

25.2801 

1 

358 

1871  Jun, 

17 

2404596.2475 

85.4647 

252.8151 

354.6096 

0 

Pasl  Eclipses 

N 

D  it 

I  ).,\  oi  Julian  Period 

nt„  =  ///. 

w„ 

R*o-fto 

Future  Eclipses 
X 
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TABLE  II. 
Lunar  Eclipse-Ctcle  of  358  Luxations 


Past  Eclipses 

Date 

Day  of  Julian  Period 
T0 

ntu  =  x'f, -MM)7, 

CO,, 

»',-&:, 

Future  Eclipses 

N 

0 

".Mill  .Jlllie   13 

2415182.9632 

259J8283 

35L8262 

0.9800 

358 

<; 

1899  Dec.  16 

500.V  7  707 

85.1946 

332.0938 

185.9572 

352 

ii' 

L899  June  22 

1828.5962 

1' 70. 7,000 

312.361  1 

1.9343 

346 

18 

1898  Dec.  27 

4651.4126 

95.9272 

292  f.-'on 

177.011:; 

340 

24 

1898  July  3 

4474.2291 

281.2935 

272.8966 

353.8S84 

334 

30 

1898  Jan.   7 

1297.0456 

106.6598 

253.1642 

169.8655 

328 

36 

1897  July  13 

41 10.8620 

202.0261 

233.4:;  is 

345.8425 

322 

41 

1897  Feb.  Hi 

.",072. 2001 

146.4980 

216.0SS1 

102.4901 

317 

47 

1896  Aim-.  2:; 

3795.0256 

331.8643 

197.2557 

s.4671 

311 

53 

1896  Feb.  27 

3617.8421 

157.2306 

1  77.5233 

184.4442 

305 

59 

1895  Sept.  3 

:;i  10.6586 

342.5969 

157.70O0 

0.421:; 

299 

(55 

L895  Mar.  10 

3263.4750 

167.9632 

138.0585 

176.3983 

293 

71 

1894  Sept.  14 

3086.2915 

353.3295 

118.3261 

352. .'177,  t 

2S7 

77 

1894  Mar.  21 

2909. loso 

17S.695S 

98.5937 

168.3524 

281 

82 

1893  Oct.  24 

2701.4550 

33.1677 

82.1500 

15.0000 

276 

SS 

1893  Apr.  30 

2584.2715 

218.5340 

62.4176 

190.9770 

270 

04 

1892  Nov.  4 

2407.0879 

43.9003 

42.6852 

6.9541 

264 

100 

1892  May  10 

2229.904  1 

229.2666 

22.952S 

182.0312 

258 

106 

1891  Nov.  15 

2052.7209 

54.6329 

3.220  1 

358.9082 

252 

112 

1891  May  22 

1875.5374 

239.9992 

343.4SSO 

174.8853 

246 

118 

1890  Nov.  20 

1698.3539 

65.3655 

323.7556 

350.8623 

240 

124 

1890  June  2 

17-21.1702 

250.7318 

:;o4.0232 

166.8390 

234 

129 

1890  Jan.   7, 

1373.5173 

105.2037 

287.5795 

13.4870 

220 

135 

1889  July  12 

11 '.16.3338  .. 

290.5700 

267.S471 

189.4640 

223 

141 

1889  Jan.  16 

1019.1503 

115.9363 

248.1147 

5.4411 

217 

147 

18S8  July  22 

0841  966S 

301.3026 

228.3823 

181.4181 

211 

153 

1888  Jan'.  27 

0664.7833 

126.6689 

208.6499 

357.3952 

207, 

l.V.) 

1887  Aug.  3 

0487.5998 

312.0352 

188.0177, 

173.3723 

199 

165 

1887  Feb.   7 

0310.4162 

137.4015 

169.1851 

349.3493 

193 

171 

1886  Aug.  14 

2410133.2326 

322.7678 

1  19.4527 

165.3264 

1S7 

176 

1886  Mar.  19 

2409985.5797 

177.2397 

133.0090 

11.9739 

182 

182 

1,885  Sept.  23 

9808.3,962 

2.6060 

113.2766 

187.07,ln 

176 

188 

1885  Mar.  30 

9631.2127 

187.072:; 

93.5442 

3.9280 

170 

194 

1884  Oct.   4 

9454.0292 

13.3386 

73.8118 

170.007,1 

10  1 

21  ii  i 

1SS1  Apr.   0 

0276.8457 

198.7040 

54.0794 

355.8822 

158 

206 

L883  Oct.  15 

9099.6622 

24.0712 

34.3470 

171.87,02 

152 

212 

Ins:;  Apr.  21 

S022.4786 

209.4375 

14.61  16 

347.8363 

1  10 

.>.)•; 

L882  May  31 

8597.6421 

240.2757 

338.4385 

10.4609 

135 

229 

1S81  Dec.   5 

8420.4586 

74.6420 

318.7001 

186.4380 

129 

235 

issi  June  11 

8243.2751 

260.0083 

298.9737 

2.4150 

123 

241 

1880  Dec.  16 

8066.0915 

85.3746 

270.211;; 

178.3921 

117 

247 

1880  June  21 

7sss.00S0 

27O.7  0I0 

259.5089 

354.3691 

111 

253 

1879  Dec,  27 

7711.7245 

06.1072 

239.7765 

170.:;  162 

105 

270 

1878  Aug.  12 

7209.7045 

321.3117 

183.8680 

8.04  70 

88 

276 

1878  Feb.  10 

7032.5210 

146.6780 

164.1356 

184.0210 

82 

282 

1S77  Aug.  2.", 

6855.337  1 

332.0443 

144.4o:;2 

O.0O20 

76 

288 

1S77  Feb.  27 

6678.1539 

157.4100 

124.6708 

176.8790 

7o 

29  1 

1S76  Sept.  2 

6500.0704 

••',12.7769 

104.0:  ;s  i 

352.8561 

64 

300 

1S76  Mar.   9 

6323.7869 

168.1432 

85.2060 

168.8332 

58 

311 

is 7.".  Apr.  19 

5998.9504 

207.981  l 

49.0200 

191.4578 

47 

:;17 

1874  Oct.  2  1 

5821.7668 

33.3477 

20.2077, 

7.4348 

41 

:;:':; 

1874  Apr.  30 

:,o  1  1.5833 

218.7110 

9.567,1 

183.4110 

35 

329 

1873  Nov.   4 

5467.3998 

44.0803 

349.8327 

359.3890 

29 

: ;:  >5 

1873  May  11 

7,200.2163 

229.4466 

330.1003 

175.3660 

23 

:;il 

1S72  Nov.  15 

5113.0328 

54.8129 

310.3679 

351.3431 

17 

347 

1S72  May  21 

1935.8492 

2  10.1702 

290.6355 

167.3201 

11 

::.-,:• 

1871  Dec.  20 

1788.1963 

94.6511 

274.1918 

13.9677 

6 

358 

1871  July  2 

2404611.0128 

280.0174 

254.4504 

189.9447 

0 

Past  Eclipses 
N 

Date 

Day  of  Julian  Period 
Tn 

,itn  =  ,/r, -t-1803 

w„ 

nto-Sio 

Future  Eclipses 
N 
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[n  the  tables  AT  denotes  the  number  of  any  conjunction 
ounted  continuously  from  the  beginning  of  the  cycle; 
I  n'f0  denote  the  mean  longitudes  of  the  moon  and 
sun  respectively,  while  •■>,  denotes  the  longitude  of  the 
moon's  perigeej  and  Q0  denotes  the  longitude  of  the  moon's 
ascending  node.  All  these  longitudes  are  referred  to  the 
mean  equinox  of  I 850. 

Ii    .\  158,  the  conjunction  which  it  denotes  will 

not  be  found  in  the  table;  and  we  shall  put 
N         .     N—35Si 
358  35S 


in  which  i  denotes  the  number  of  complete  cycles  contained 
in  -V  lunations  ;  and  if  we  put  X'  =  X  —  358  i,  X'  will 
take  the  place  of  X  in  the  table. 

The  changes  in  the  tabular  numbers  for  any  number  i  of 
complete  cycles  are  given  by  the  equations 


^ro=10571d.95041505.i 

Jntn=     339°.810S10  534.j 


Jo>0=  97°.366702655.» 
/(»/u-&0)  =  180".035191  453.1 

In  these  equations  i  is  negative  for  past  eclipses. 

The  computation  of  the  values  of  these  quantities  may 
be  very  greatly  facilitated  by  means  of  the  following: 


Auxiliary  Tablk. 


i 

I.  AT, 

i.  (Jut,,  =  Jn'Q 

i .  J  a),, 

i  ■  -J  (»*o-&o) 

1 

10571.95041505 

339.810810  534 

97.366  702  655 

180.035  191 453 

2 

I'll  13.900  83010 

319.021621068 

194.733  405310 

0.070382  906 

3 

31715.85124515 

299.432  431  602 

292.100107  965 

180.105  574359 

4 

422S7.801  G6020 

270.243  242136 

29.466  810  620 

0.140  765812 

5 

52859.75207525 

259.054  052  670 

126.833  513275 

180.175  957  265 

6 

63431.70249030 

238.864  863  204 

224.200215930 

0.211148  718 

74003.65290535 

21S.675  673  73S 

321.566  918585 

180.246340171 

8 

84575.0O3  32O40 

198.486484272 

58.933  621  240 

0.281531624 

9 

95147.553  73545 

178.297  294  S06 

156.300  323  S95 

180.316  723077 

which  contains  the  first  nine  multiples  of  the  coefficients 
of  i. 

If  we  add  the  values  of  JT0,  etc.,  to  the  quantities  in  the 
tables  we  shall  have  the  numbers  corresponding  to  any  time 
whatever.  We  shall  now  illustrate  the  manner  of  using 
these  tables  by  a  few  examples. 

b.s  a  first  example  let  us  inquire  if  there  was  an  eclipse 
of  the  sun  on  Oct.  20,  B.C.  3784.  This  date  corresponds 
to  the  339611th  day  of  the  Julian  period  ;  and  if  we  sub- 
tract it  from  the  Julian  date  of  the  epoch  for  past  eclipses, 
we  shall  find  the  interval  between  the  two  dates  to  be 
2075557  days;  and  if  this  number  be  divided  by  the  num- 
ber of  days  in  a  lunation,  which  is  29d.530  58775,  the 
quotient  will  be  AT  =  —70285;  the  negative  sign  being 
taken  because  the  given  date  precedes  the  epoch  of  the 
cycle.  If  we  divide  N  by  358  we  get  i  =  —196,  and  a 
remainder  N'  =  117  ;  which  shows  that  the  given  date 
precedes  the  conjunction  numbered  117  of  the  eclipse-cycle 

h\    eXaCtlj     L96  cycle-. 

If  we  substitute  tin,  value  id'  i  in  the  preceding  equa- 
e  shall  find 

AT.  =  -2072102d.28135  K  =  -3°. 87372 

/  -2°.91887  J(»,0-S0)  =  -<i°.S975'j 

And  if  we  add  these  numbers  to  the  corresponding  ones 

i  . a     the  approximate  elements  of 

that  conjunction, 


T.  =  339610 
nt.  = 


and   nL 


Wo  =  321°.5262 
.Q,0  =  179°.3002 


These  longitudes  are  all  referred  to  the  mean  equinox  of 
1850 ;  and  would  be  the  correct  mean  elements  for  that 
conjunction,  were  it  not  for  the  secular  changes  in  the  ele- 
ments of  the  moon's  motion  which  have  taken  place  since 
that  early  date.  We  see,  however,  from  the  value  of 
nto~  S20  that  ^ie  conjunction  took  place  very  near  to  the 
moon's  descending  node,  and  consequently  the  sun  was 
centrally  eclipsed  near  the  equatorial  regions  of  the  earth. 
We  may  here  observe  that  if  we  add  the  preceding  values 
of  .  /  7'0 ,  etc.,  to  all  the  numbers  in  the  table  we  should  ob- 
tain a  complete  cycle  of  eclipses  for  that  ancient  date ;  and 
if  we  change  the  signs  of  those  quantities  and  add  them, 
we  should  obtain  a  similar  cycle  of  eclipses  for  a  date  5700 
years  in  the  future. 

The  subject  of  the  secular  changes  of  the  elements  of 
the  moon's  motion  does  not  come  within  the  scope  of  this 
article,  and  we  must  therefore  be  content  with  the  assump- 
tion of  unchanging  elements,  which  is  nearly  enough  cor- 
rect for  our  present  purpose. 

As  a  second  example  let  us  inquire  if  there  was  an 
eclipse  of  the  sun  Oct.  10,  B.C.  2136,  of  which  the  Julian 
date  is  941533  days.  The  interval  between  that  date  and 
the  epoch  of  the  cycle  is  1473025  days,  which  gives 

N  =  -49902,     I  =  -139  and  A"  =  140 

That  conjunction  therefore  took  place  just  139  cycles  be- 
fore number  140  of  the  table,  which  was  apparently  outside 
the  ecliptic  limits;  but  if  we  compute  the  variation  of  the 
elements  during  139  cycles  we  shall  find 
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Al\  =  -1469501d.107 
Jntn  =  -73°.7027 


-213°.9717 

-184°.S916 


J<o0  = 

If  we  add  these  corrections  to  the  corresponding  numbers 
in  the  table  we  get  for  the  elements  of  that  conjunction 


7'0  =  941532<1.S080 
ntn  =  236°.7S63 


==  35°.7S71 
=  15°.SS49 


We  thus  see  that  the  conjunction  took  place  considerably 
within  the  ecliptic  limits ;  and  the  effect  of  the  secular 
variations  since  that  early  date  is  such  as  to  bring  the  con- 
junction point  3°.8527  nearer  the  node  ;  so  that  there  was 
really  a  large  eclipse,  although  it  was  nowhere  central. 
This  is  the  celebrated  eclipse  which  was  visible  in  China, 
and  for  which  the  astronomers  Ho  and  Hi  were  beheaded 
because  they  failed  to  predict  it.  It  is  also  further  im- 
portant as  being  the  earliest  eclipse  of  which  we  have 
authentic  records. 

As  a  third  example,  we  shall  inquire  into  the  circum- 
stances of  an  eclipse  which  happened  on  May  18,  B.C.  603. 
We  easily  find  N  =  -30946,  i=  -86.  and  X'  =  158. 
The  eclipse  was  therefore  the  86th  recurrence  of  number 
158  of  the  table  ;  and  the  mean  elements  at  that  time  were 


To  =  1501314d.6294 
nL  =  S2°.8584 


=  97°.0255 

=    5°.6S12 


This    is    the   celebrated   eclipse  which   was   predicted  by 
Thales. 

As  a  fourth  example,  we  shall  investigate  the  elements 
of  an  eclipse  which  will  take  place  Aug.  11,  A.D.  1999. 
In  this  case  the  interval  from  the  epoch  of  the  table  is 
46806  days  ;  and  gives  N=  1585,  i  =  4,  and  A''  =  153; 
and  from  this  it  appears  that  the  eclipse  will  be  the  fourth 
return  of  number  153,  which  took  place  October  30,  18S3. 
The  change  of  elements  are  readily  found  to  be 


JT„  =  +42287d.80i; 
dntn  =  279°.2432 


Jw0  =    29°.4668 
zf(n*0-80)  =  +  0°.140S 


and  the  mean  elements  of  that  eclipse  become 
Cleveland,   1901  July  15. 


T0  =  2451402d.2293 
ntn  =  137°.S673 


Wo  =  65°.4580 

nt.—  Q„  =    7  "..■::;.-.  I 


As  a  fifth  and  last  example,  we  shall  investigate  the  ele- 
ments of  the  moon's  eclipse  which  was  observed  at  Babylon 
March  19,  B.C.  721.  The  interval  between  that  date  and 
the  epoch  of  the  table  is  957028  days ;  and  it  gives 

N=  -32408,     /=-90,     and     N'  =  188 

Therefore  that  eclipse  corresponds  with  number  188  of  the 
cycle,  which  took  place  March  30, 1885 ;  and  was  the  nine- 
tieth return  of  the  Babylonian  eclipse.  That  eclipse  has 
become  celebrated  as  being  the  earliest  recorded  lunar 
eclipse ;  and  it  has  played  a  conspicuous  part  in  its  his- 
torical relation  to  the  lunar  theory.     We  readily  find 


IT 

Jut, 


—  951475d.5374 
-342°.9729 


J(ntt- 


J*0  = 


-123°.0032 
-     3M672 


and  the  resulting  mean  elements  of  that  eclipse  are 


T0  =  1458155d.6743 
nt„  =  205°.0000 


<o0  =  330°.5410 
7itn-£l„  =       0°.760S 


The  eclipse  therefore  took  place  very  near  to  the  node,  and 
must  have  been  total. 

These  few  examples  sufficiently  illustrate  the  manner  of 
using  the  tables,  and  show  how  easily  an  approximate 
knowledge  of  an  eclipse  occurring  at  any  time  in  the  past 
may  be  obtained  by  the  expenditure  of  only  a  few  minutes 
of  labor.  The  elements  thus  obtained  are  the  correct  mean 
elements  for  the  given  date ;  but  they  must  be  corrected 
for  the  secular  changes  in  the  elements  of  the  moon's 
motion  which  have  taken  place  during  the  interval  of  time 
between  the  date  of  the  eclipse  and  the  year  1850,  in  order 
to  obtain  the  true  elements.  Then  by  applying  a  few  of 
the  periodic  inequalities  to  the  mean  places  of  the  sun  and 
moon,  we  easily  obtain  the  coordinates  of  these  bodies,  and 
are  thus  enabled  to  determine  the  path  of  the  moon's 
shadow  across  the  earth. 


COMET  b  1901, 

(Return  of  Encke's  periodical 


Encke's  comet  has  been  observed  by  Dr.  H.  C.  Wilson, 

at  Carleton  College  Observatory,  Northfield,  Minnesota,  in 
the  following  position : 

1901  Aug.  5.8924  G.M.T.,    a  =  0h  2'"  2«.S,    8  =  +31°  42' 30" 

A  sweeping  ephemeris  of  this  comet,  computed  by  Thom- 
bebg,  has  been  communicated  from  Kiel  by  Dr.  Kreutz. 
Interpolated  for  intermediate  dates  it  is  as  follows  : 


Au 


comet.) 

1901 

a 

5 

Brightness 

g.    9.5 

h       in       s 

6  27  24 

+31  26 

1.00 

11.5 

6  41  32 

31     8 

13.5 

6  56     4 

30  44 

15.5 

7  10  58 

30  13 

17.5 

7  26  12 

29  34 

19.5 

7  41  45 

28  46 

21.5 

7  57  36 

+  27    19 

2.00 

L92 
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SUNSPOT   OBSERVATIONS, 

MAD]      1  l     BElfWrN,    IM..N  V.    WITH     \     H-INi  It    REFBACTO] 
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DOUBLE-STAR   MEASURES, 

By  W.  A.  COGSIIALL. 
[Communicated  by  the  Director  of  the  Lowell  Observatory.] 


The  following  are  measures  of  stars  from  the  "  First 
Catalogue  of  Double  and  Multiple  Stars  Discovered  at  the 
Lowell  Observatory  "[.■!../.  431-432],  between  O'1  and  18" 
right-ascension. 

Those  observations  were  made  by  Mr.  Boothroyd  which 
are  followed  by"B";  the  remainder  were  made  by  my- 
self.    When  both  observed  the  same  star  I  have  used  both 


initials  to  distinguish  the  work  of  each.  The  methods  of 
observation,  etc.,  are  the  same  as  previously  described  in 
these  columns. 

Three  stars  in  the  latter  part  of  the  list,  A,  202,  A,  203 
and  A;  253  were  wrongly  identified  in  the  original  list,  but 
are  here  retained  in  order  to  preserve  the  measures.  The 
approximate  places  of  two  of  them  are  given  in  this  table. 


\x  1.  C. 


IS',  is  '.in 

1S'.I'.I.5S0 

.602 


324.1 
322.0 


SM.5  ;   11  ".3. 
;     8  =  —30°  53'  3".3 
Po 

4 'Vo 
4.74 
4.46 


1899.366 

323.0 

4.63 

K 

0 

a  =  0''  2 

'  40s.  2     ; 

8  =  —23=  3'  50".8. 

1899.914 

I  have  not  been  able  to  find  any  companion. 
Have  examined  the  star  with  all  apertures  and 

eye-pieces. 

A,  3.     8 

1    ;   9". 7. 

a  =  0i'  4' 

46s.l      : 

8  =  —34   20'26".9 

1899.647 

191.0 

1.14 

.675 

189.0 

0.65 

1899.661 


190.0 


0.90 


A,  4.     8».8  ;  11". 

a  =  0>'lG"'36M     ;     8  =  —28°  47' 

1898.780        251.9  3.29 

.862         254.0  3.06 

.906        252.5  3.33 


53".0. 


1S98.849         252.8 

3.23 

■    Aj  5.     8M. 

7   ;   11».5. 

a  =  0h20m42s.7     : 

8  =—33   22!  56*.9 

IS'.ts. in'.-,            75.5 

3.64 

1899.61 111           74.8 

3.78 

602           73.0 

3.61 

L899.376 


74.4 


3.6S 


A[  7.     8M.3 

12M. 

a  =  Oil  23'"  426.6     ;     8 

=  —33°  19'  0".7 

'                                  00 

Po 

1898.862         198.5 

9.05         B. 

L899.630         200.2 

8.99 

.617          200.0 

9.28 

1900.039         198.2 

9.16 

1899.772         199.5 

9.14         C. 

A,  8.     7M.8  ; 

13-.3. 

a  =  0h  20"'  32s.  9     ; 

5  =—19°  21 '.6 

1898.922         116.4 

5.99 

1899.647         117.0 

6.43 

.668         117.6 

6.11 

1899.412         117.0 

6.18 

This  star  is  C.  DM.  (— 19c 

)  55  instead  of  O.  A. 

236  as  originally  published 

A,  9.      8 ".7   : 

13*.3. 

a  =  0'' 44"'  23.  s      :     S 

=  —  sr  io'5".s 

1898.925         245.9 

3.59         B. 

1899.600         245.5 

3.57 

.630         243.9 

3.61 

.647         244.8 

3.62 

1899.626         244.7 

3.60 

A,  10.     SM   ; 

10". 7. 

a  =  0'' 57'"  32-.::      ;     8 

=  —22°  S'  36".l 

L898.758        321.0 

1.0s 

.845         325.4 

_ 

.862         .",22.5 

4.05 

.911         327.1 

4.25 

1898.844         324.0 

4.33         B. 

Aj  11.     8 

"  ;  8»7. 

a  =  1''  13 

m  568.6 

8  =  —  27 :'  2 

6  ".2 

t 

00 

Po 

1898.763 

314.4 

2.16 

.780 

313.2 

2.06 

.791 

314.6 

2.05 

1898.778 

314.1 

2.09 

*i 

12. 

a  =  l1'  14" 

42s.  0     ; 

8  =  —25°  2S 

21  ".(5 

1S99.033 

I  have  examined  this  star  with  all 

powers. 

and  with  uoue  of  them 

can  I  see  am 

trace  of 

elongation. 

Seeing   much    better    than    for 

some  time. 

A,  13.     8 

"  ;  8>'.3. 

a  =  1''  16' 

5S  .2     : 

8  =  —24°  39 

10".4 

1899.600 

326.2 

0.32 

.668 

316.8 

0.38 

.695 

312.8 

0.36 

1899.654 

31S.6 

0.35 

K 

14.     6M 

3  :  12". 2. 

a  =  lh  24' 

1  4S-.2     : 

8  —  _22°  8' 

18".6 

189S.862 

248.9 

21.7S 

.906 

250.1 

21.51 

.911 

250.3 

21.76 

1898.893 

249.8 

21.68 

A 

15.     8> 

.2   :   9". 7. 

a  =  lh  30'" 

2.V.1      : 

8  =  —22°  13' 

30".2. 

L898.722 

313.1 

3.05 

.862 

:  11 0.9 

2.97 

.025 

313.7 

3.11 

1898.836 

312.6 

3.04 

B. 

Ill 
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A,  16.     -  i  8».8. 

a  =                           :  8  =  —  2->:  37'  49  . 
t 

1899,668          39.6  0.40 

,689          36.0  0.51 

695           10.1  0.61 


1899.684 


38.6 


0.53 


A,  17.     7*.8  ;  I  La.3. 
a  =  2h  7m  23'.4     :    8  =  — 21°  IS' 58M 

2       357.5         8.36 

.925         356.3  8.54 

1899.022         358.1  8.50 


1898.936 


357.3 


8.47 


A,  18.     S*  ;  8".8. 

a  =  2h  16m  16'.2     ;     8  =  — 35°  84' ll'.e 

L899.046  55.8  l.ll 

56.8  L-10 

.695  61.4  l.ul 


L899.470 


.-.s.i  I 


1.07 


A,  L9.     7».5  ;  8".8. 

a  =  2h  30"'  2*.3     ;     8  =  —24°  33'  54  '.'.) 

1899.046  323.6  0.57         B. 

L899.668  328.0  0.39 

.673  323.8  0.76 

1900.039  327.1  0.40 


1899.793         326.3 


0.52 


C. 


A,  20.     4"   ;   15". 
a  =  2h  16ra  30M     :     8  =  —21°  24'  55*.3 
L26.6  L6.87         B. 

Single  distances. 

A,  21.     8"   ;  S". 
a  =  S    17'    I  I  .2     :     8  =  —21    42'  6".8 

1.668  93.2  0.34 

.673  92.0  0.36 

7m;  97.0  0.39 


L899.682 


94.1 


0.36 


A,  22.     8"  |   ll".5. 
a  =  3*  8'"  26".  1     ;     8  =  —30   25'  25".5 
1899.046         344.9  0.77         I'.V 

1899.706         340.5  1.19 

.717         340.1  1.08 


ri2         340.3 
i  rj  bad. 


1.13 


C 


a,  25.    :«.:;  :  i2\7. 

a  =  ::    22     33  7      ;     8=      28°  54    38    - 

i  e  po 

L898.985  L5.9  9.89 

L899.000  17.7         10.15 

.046  12.0         10.17 


L899.010 


15.2 


10.07 


A,  26. 
a  =8»>28m  7".7     :     8  =  —24    57'  20".S 
L899.014(1) 
.692  (2) 
.706  O 
P)Seeing  very  good  ;  possibly  elongated  in 
22U±,  but  if  so  the  star  is  very  close. 

C2)  Definition  the  best  I  have  ever  seen;  stars 
n  iii  steady  ;  no  trace  of  any  elongation. 

(:)  Seeing  very  fair:  nothing  definite  with  750 
diams. 

A,  27.      8"   ;   9". 
a  =  3h  2S">  259.7     ;     8  =  —19°  35'  43".4 
189S.985        349.2  0.56         B. 

1899.706         351.7  0.59 

.709         351.9  0.61 

.744         348.7  0.61 


1899.720 


350.8 


0.60 


0. 


Aj  28.     S"  ;  12". 5. 
a  =  3"  31'"  SB.G     ;     8  =  —29°  25'  26".0 
1898.985         101.6  9.85 

L899.717         104.  S         10.30 


\  23. 

a  =  3"  13m  56«.7     :     8  =  —22   52 

No  measure  was  made  of  this  star.  I  ex- 
amined it  nn  three  different  occasions,  and 
each  time  it  had  some  appearance  oi  duplicity, 
although  the  seeing  ■■   •  •  aough  to 

site  results. 


A,  37.      7M.7   ;    12\2. 
a  =  4h  26m  49«.8     ;    8  =  —  25°  11' 41" 

'  6  p„ 

1899.706  38!l         11.62 

.717  38.4         11.44 

.733  37.3         11.38 


1899.719 


37.9 


11.48 


A,  38.     8"  ;  12".5. 

a  =  41'  :;:;"■  9».9     ;     8  =  — 29°  29' 48'.5 

1899.706         238.3  6.10 

.717  236.2  6.40 

.7  11         2.35.3  6.47 


1899.725 


236.6 


6.32 


Ax39. 
a  =  4h  4::'"  22».7     :     8  =  —20°  59'  20".0 
Have  not  been  able  to  find  this  star. 

A,  41.      8"   ;   13". 2. 
a  =  4h  4Sm  4<>.G     ;     8  =  — 30°  49' 33".0 
1899.014         118.9  9.24         B. 

1899.750         123.1  9.06 

1900.088         124.7  8.98 


1899.919 


123.9 


9.02 


C. 


A,  44.      7"   ;   11".3. 
a  =  4><  57'"  75.2      ;     8  =  —  23°  51'  21".4 

1899.717         332.1  1.50 

.733         332.6  1.42 


.744 

105.6           9.92 

.750 

334.8 

1.52 

1899.482 

104.0         10.02 

1899.733 

333.2 

1.48 

A,  33. 

K 

46.     8".  3 

12"  2 

a  =  3h  45™ 

36».9     ;     8  =  —22° 

15' 

15  ".6 

a  =  5h  3" 

4».2     :     8  = 

— 22c  4(i'53".6 

I  have  never  been   able   to  flni 

tl 

is   star, 

1899.758 

1  L3 

L2.27 

nor  anything  like  it  near  this   pi 
searched  several  times. 

ace 

Have 

.788 
.791 

14.:; 
16.2 

10.12 
13.33 

a  =  4h  9'" 

34.     7". 5  :   13*. 
26".2     :    8  =  —25 

47' 

0".l 

1899.779 

14.9 

1  1.91 

1899.0J  1 

54.7         19.20 

A,  47. 

.046 

19.4         18.80 

a  =  5h  5m 

30M     :     8  = 

=  — 22°36'54".l 

.709 

56.4         19.00 

1899.74  1 

57.0 

2.80 

1899.256 

A 

a  =   1     15 

53.5         19.00 

35.     8". 3  :  14M. 
278.2     :     8  =  —31° 

19 

5  ".4 

.750 
.758 

54.9 
55.2 

3.20 
3.06 

1899.751 

7>-7.7 

3.02 

L899.706 

.750 
.758 

1.1.2            2.10 
L26.5           2.56 
123.6           2.26 

a  =  5b  8" 
1899.008 
.799 

,  is.     9«.5 
51".3     :     8  = 

.".  " 

3.5 

;    11". 

28    34'37\2 
2.85 

1S99.73S         124.8           2.31 
A,  36.     7"  :    L3M. 

2.34 

1899.404 

3.4 

2.60 

a  =  4     16 

L899.01  l 

•_'.V.  i)     :     8  =  — 19° 
347.6          8:00 

34' 

22*.  4 
B. 

A 
a  =  :,''  18 

19.     s\:; 

'  17-5     :     8 

:  1. •;".:;. 

=  —  IS"  14'  19".9 

1899.717 

347.1            7.71 

L899.750 

194.7 

1.17 

.7  1  1 

347.5           7.84 

.807 

197.0 

1.55 

19(m».o:;«) 
L899.833 

346.3           7.52 
317.0           7.69 

C. 

.845 

L96.9 

L45 

1899.801 

196.2 

L39 

N»s.  505-506 
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Xj  51. 

a  =  5h  15"'  13".J 


1899.758 

1900.030 


o<;.r> 


9    .    -  si  _  ~  _ 
8  =  —41°  8'  52 
Po 

o'er 

0.51 


LS'.i'.i.S'.il 


96.5 


0.59 


Xj  53. 

a  =  5h23'"  208.1  ;  8  = —20' 59' 52". 4 
I  have  tried  to  measure  this  ohject  on  two 
occasions.  On  the  first  night  the  seeing  was 
poor,  ami  I  was  inclined  to  think  the  star 
might  be  all  right.  On  the  second  night,  the 
seeing  was  good,  and  I  could  see  nothing  to 
indicate  duplicity. 

X,  54.     8".3  ;  13".2. 
a  =  5h  28m  15s.9     ;     8  =  — 27°  43' 46".3 
1899.008         266.9         13.54         B. 

1899.791  26S.4  13.52 
.793  269.2  12.86 
.807         270.1         13.43 


1899.797         269.2         13.27         C. 
X,  56.     8»2  :  11".7. 

a  =  5h  46"' 43s.0      ;     8  =  — 24:  22' 2".G 

1898.843         258.1  6.59 

1899.008         252.4  6.46 

.845         251.7  5.32 


18K9.232 


254.1 


6.12 


X!  57.     6».5  ;  14". 
a  =  5h  51m  3S8.6     ;     8  =  —21°  42'  4". 5 
1S99.S45         110.6         24.12 
[       .862(1)       96.2         34.44] 
.895         110.0         23.57 


1899.870         110.3         23.84 
(])  Probably  another  star. 

X!  58.     S"   ;  11". 7. 

a  =  5h  58'"  36s.O     ;     8  =  —  21°  48'  10" 

1899.798        214.1  1.75 

.807         213.1  1.61 

.810         213.1  1.56 


1899.803 


213.4 


1.64 


Xj  60.     7 ".7  ;  12*.2. 
a  =  6>>  2"-  38".9     ;     8  =  —32°  2'  3".7 
1899.008  97.3         26.16         B. 

1899.838  99.8         25.26 

.843  99.9         25.74 


1  SUMS |n 


99.9 


Xt6i 


1899.008 
.906 


'.7     :    8  = 

110.1 
113.0 


L'.V.-.ii 


0.34 
0.35 


C. 


1899.457 


111.5 


0.35 


1899.008 
.906 


324.S 
325.4 


p, 
24.57 
24.40 


isMM.i.-,; 


.'.-».  1 


X,  63.     i  ".8 

a  =  6h  7'"  32s.  1     :     8 
1899.S38         165.7 
.845         164.9 
.862         166.3 


24.48 
12*.7. 

=  —  22-46'  15".4 

16.85 
L6.89 
17.25 


1899.848 


165.6 


X!  64.     8". 2  ; 
a  =  6h  9'"  5M     ;     8  = 
1898.835  71.0 

1899.793  66.7 

.807  69.3 

.810  69.6 


17.00 
13».3. 

— 25°46'49".0 
8.08  B. 

7.57 
7.63 

7.4:. 


1899.S03 


68.5 


,  ..(.> 


C. 


X,  65.     7 

a  =  6h  18"'  52'.  5     ; 

1900.000         107.1 

.793         109.1 

.807         109.5 

.845         109.0 


.    josi 

=  —33°  49'  10  ".6 
17.02 
17.05 
16.89 
16.94 


1900.611 


108. 


\67 


9" 

a  =  6t>  24"'  52».2     ;     8  : 
1899.046         212.3 

X,  68.     4".7 
a  =  6h  27m  41-.4     :     8 
A  1! 
1899.000         142.9 

1900.845  142.6 
.848  144.3 
.862         142.9 


16.97 

;  IP'. 

=  —2:;=  31'  IT ".2. 
2.4S 

13". 8. 
=  —23°  20'  48".2 

25.69         B. 

24.27 
24.37 
23.53 


L900.852 


1900.000 

1900.845 
.848 
.862 


143.3 

AC   r  = 
302.6 

303.7 

303.4 
301.7 


24.06 

14.5 

18.15 

28.28 
30.99 

"7  7.-, 


B 


L< .855 


302.9 

X,  69.     6M 


a  =  6h  31" 

1899.906 


s.:; 


29.01         C. 

;  12". 

=  — 42°l'7".l 
10.82 


X,  71.     6".5  :  13". 5. 
a  =  61'  4S"'  59s.6     ;     8  =  —26° 
.1/; 
1899.807  98.0         10.25 

.843  98.5         10.22 


L899.825 


98.: 


10.: 


1899.807 
.843 


A  C    C  =  13.7 

248^5         19.91 
248.1         20.21 


L899.825 


LMs.:: 


L'o.u.-. 


X    72.     6".8  ;  13".2. 


a  =  6h  51"'  lo'.l 


1898.997 

1899.192 

.793 


36.3 
39.9 

41.0 


8  =  —21    54'  30" 
13.51 
12.56 
13.05 


1899.327 


39.1 


Ki.nl 


\  74.     6".3  ;  13". 7. 
a  =  6h  56'"  4S.4     ;     8  =  —  21°  58'  45".l 
1899.046         228.9         13.15         B. 

1899.845  233.3  12.68 
.848  232.6  12.81 
.862         232.5         12.80 


ls;i'.i.s.-.2 


232.8 


12.76 


Faint  pair  near  \  74.     10"  ;  11s 


1899.046  345.8 

1899.845  349.8 

.848  352.2 

.862  349.7 


2.34 

1.25 

1.50 
1.40 


B. 


1899.852        350.6 


1.38 


C. 


X,  75.     7M.3  ;  13».2. 
a  =  7h  13'"  416.2     ;     8  =  —25°  48'  20" 
1899.046  [1.9]         12.27 

.197  6.9  12.38 

.200  7.7  12.62 


1899.14S 


7.3 


12.42 


X,  76.     6"  ;  13"..".. 
a  =  71'  16"'  5K4     ;     8  =  —26°  46'  35".3 
1899.848         215.7  8.42 

.906         217.1  8.56 


1899.87 


216.4 


8.49 


*i 


=  7h  18"'  51".3 


1899.914 

1900.033 

.052 


8. 
8  = 
AB 
291.4 
290.8 
288.1 


34' 31" 


1.67 
1.62 
L.58 


1! • 

1899.914 

1900.033 

.052 


290.1 

AC 

12.1 

7.9 

10.6 


1.62 

2.77 
2.46 
9.  ".-. 


1900.000 

1899.914 

1900.033 
.052 


10.2 

.1  D 
31.0 
31.3 

29.1 


2.49 

6.90 
6.99 
6.93 


llMIU.OOl) 


.•in.;-, 


6.94 
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\,  79.     8     .  8"  2. 

=  7"  22'"  1.V.7     ;    8  =  -27   57    15'.2 

f  0  Pi 


L899.200 

.21  l 


282  3 
296.1 


0.47 
0.60 


IS99  207 


289.2 
300.2 


0.53 
0.51 


A,  81.     7".5  :  8».3. 

a  =  7h  27™  35'.8     ;     3  =  —  20°  43'.0 

$.997  38.6  8.92 

L899.022  3S.6  8.86 

.046  34.3  8.96 


L899.022  37.2  8.91         B. 

This  star  is  S  DM.  20  L999,  instead  of  O.A. 
7042. 

X,  82.     8».7  ;  9H.2. 
a  =  7"  30m  158.S     ;     8  =  —36°  9'  36".3 
L899.197         349.9  7.20 

.211         349.3  7.15 


L899.204 


349.6 


B. 


X,  83.     7 

a  =  7h  30'"  .V.i*.::     ; 

L898.997        201.6 

L899.200         203.4 

.214         203.2 


isw.i.'m 


2H2.7 


S.94 


X,S4.     6".3  :  11M.8. 
a  =  7h  35'"  49s.  7     ;     8  =  — 19°  25' 48*.5 
L898.845        285.8  8.26 

.997         285.2  S.30 

is;»'.i.l'.)7         286.7  8.32 


1899.013        285.9 


8.29 


,\,  85.     5M  ;  13M.7. 

a  =  7h  39'"  30e.3     ;     8  =  —  28°  10'  24".l 
1899.848  34.2        26.08 

.906  -         25.96 

.914  34.5         2H.22 


1899.889 


34.2 


26.0!) 


\x86.     4».8  ;  12".3. 

a  -  ~     i.;     r,<i    i)      ;     0  ;         -T,    41'  20".l 

1899.906         199.8        26.30 

L900.033         L98.1         26.95 

.052         198.1         2(1.95 


1899.997         198.3         26  73 

X,  87.     6".5  ;  14". 
a  =  7h  45"1  21».9     ;     8  =  — 193  57'  5*.S 
1899.859         151.1  1.72 

Very  difficult. 


X,  95.     (iM.7  ;   1  l».5. 
a  =  71'  58m  l-.fi     ;     8  =  —20°  2'.4 


L899.91  I 
1900.014 


L90.8 
191.2 


12.30 
12.39 


1899.964         191.0         12.34 

This  star  is   S.DM.  19°2205,  and  not  O.A. 
8009. 

X,  97.     8"  ;  13". 5. 

a  ==  Sh  10m  58.8     ;     8  =  —  37  "25'  1S".2 

1900.082  3.6  2.57 

X,  98.     7"  ;  13" 
a  =  Shllra99.4     ;     8  =  — 35°  23' 3\9 
L898.931  65.4  5.51 

1899.914  66.7  5.26 

X,  101.     8".7  ;  12* 
a  =8h35'"  IP. 7     ;     8  =  — 28°1'31".2 
1898.931  S4.7  7.71 

1899.214  89.5  7.08 


1899.072  S7.1  7.40         B. 

X,  105.     7"  ;  13M.5. 
a  =  S1'  41"'  19s.2     ;     8  =  —26°  46'  39".7 
AB 
1S99.914         115.3         20.95 
117.5         20.60 


^  107.     6"  ;  13».7. 
a  =  Sh51">  13B.9     ;     8  =  — 27 
t  6.,  p„ 

1899.197         269.1         24.18 
914(J)    [279.0]       23.37 


1900.077 


267.6         23.91 


1899.729         268.3  23.82 
(')  Very  bad  seeing. 

X,  116.      8«.5   ;   11". 7. 

tt  _  9h  41m  43,.7     .  g  _  _2So  6,  37//_4 

1898.922        203.5  2.(19 

.997         202.1  2.24 

1899.008         203.3  2.30 


1898.976 


203.0 


2.41 


X!  120.     8".2  ;  13».7. 

„  =  10'>  37m  50".  1     ;     8  =  —03d  V  57".5 

1898.997         293.0  6.05 

1899.008         293.2  6.26 

.175         293.8  5.83 

.2)4         294.5  5.90 


1899.106 


293.6 


6.01 


X,  121.     6"  ;  14". 7. 

a  =  1011  38'"  4U      ;     8  =  —  32'  11'  31". b 
1898.997         220.1         18.08 
1899.175         218.5         17.37 


1900.014 

118.2 

20.99 

1899.086 

219.3 
31.     4" 

17.73 
8  ;  14". 5 

1899.971 

117.0 

20.85 

AC     C  = 

13.5 

a  =  llh  18" 

22*.  1      : 

8  =  —35° 

36 

5S".2 

1899.914 

147.0 

20.95 

1898.907 

127.5 

31.32 

.985 

147.6 

20.49 

1899.244 

125.9 

31.68 

1900.014 

146.7 

20.42 

.345 

126.2 

30.39 

1S99.971 

1  17.1 

20.62 

1899.195 

126.5 

31.13 

B. 

1899.914 

.985 

L900.O1  1 

AD     I)  = 

248.9 

249.2 

IMS  (1 

13.5 

22.nl 

24.72 

a  =  ll*  36" 

1899.244 

1899.337 

133.     5 

44".3     : 
345.3 
246.0 

«.5  ;  13". 
8  =  -31° 
2(1.74 

26.33 

56 

37  ".7 

c. 

B. 

1899.971 

248.9 

23.36 

A, 

a  =  8h  40" 

1899.197 

106.     6".." 
15*.  6    ;    8 
.1  i: 
223.3 

;    12". 
=  — 23c  23 

L6.83 

B. 

X,  135. 

a  =  ll"  42"'  10s. 4      ;     8  =  — 29° 
1899.342 

I  cannot  see  this  star  double. 

43 

'  22  ".0 

L899.997 

224.4 

Ki.:.:; 

X,  1 

36.     9' 

.5  ;  12". 7 

1900.01  1 
.033 

[196.2] 
224.5 

16.51 
16.69 

a  =  ]lh  43' 

1899.337 
.345 

54-.fi     : 
258.6 
262.2 

8  =  —35° 

7.(12 
7.21 

22 

40".2 

1900.015 

224.5         16.58         C. 
s  A.G.C.  11831,  and  not  A.G.C. 

This  star  i 
11980. 

1899.341 

260.4 

7.42 

B  C    C  = 

12.7 

K 

142.     7 

'.7   ;   9».5. 

L899.197 

332.2 

4.17 

B. 

a  =  llh  56 

"41M     ; 

8  =  — 34c 

5' 

38  ".5 

1899.997 

1900.01  1 

.033 

330.1 
325.8 
333.2 

2.30 

2  27 
3.27 

1899.189 

1900.370 

.386 

212.0 
239  S 

238.3 

0.77. 
0.45 
0.46 

1900.015 

329.7 

2.61 

c. 

1899.982 

240.0 

0.55 

Nos-  505-506 
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A-i 

143.     7". 7  ;  7".S. 

*i 

161.     7"  ;  12».5. 

a  =  llh  58 

'"  32>.5     ;    8  =  -38°  27'  2".4 

a  =  12» 

42 

"  40«.6     ;     8  =  —35°  0'  35".2 

t 

1900.389 
.400 

22L2           0.45 
216.4         [0.75] 

t 

1900.449 

AB 

do                           Pu 

110^0         33T4 

.408 

217.2           0.52 

BC    C  =  13.5 

218.3 


0.49 


1900.399 

A,  144.     6M  ;  13". 2. 

a  =  12h  0m  4SS.4     ;  8  =  —  35-  S'  14".0 

1899.189         175.4  25.82 

1900.071         176.1  24.58 

.079         175.6  24.21 

.096         176.1  24.72 


1'. .OS2 


175.9 


24.50 


A,  148.     7"   ;  13".5. 
a  =  12h  8m  54s.8     ;     8  = —35°  59' 59". 
1900.079  63.4         19.11 

.096  63.7         18.98 

.115  62.6         19.01 


1900.063 


63.2 


19.03 


Ai  150.     6M.3  ;  13".5. 

a  =  12h  18m33».3     ;     8  =  —  29°  40'  i 
1899.197  98.3         18.37 

.345         101.4         17.89 
1900.071  95.9         17.38 


L899.538 


98.5 


\,  152.     8"  ;   11».3. 
a  =  12h  20'"  Ss.7     ;     8  =  —30°  34' 
1899.189  86.0  2.34 

1900.079  84.0  2.02 

.096  84.3  2.29 


1899.788 


84.8 


A,  155.     9".2  ;  12".2. 
a  =  12h24'"3S5.8     ;     8  =  —34'  14' 
1000.(179         117.9  9.44 

.370         118.0  9.39 

.386         118.4  9.58 


1900.278 


118.1 


9.47 


A,  156.     8". 7  ;  9". 7. 
a  =  121'  30™  45s.6     ;     8  =  —35°  16' 

1900.096         126.9  0.73 

.389         121.8  0.51 

.406         121.9  0.44 


1900.297         123.5  0.56 

A,  158. 
a  =  12h  33"'  17*.5     ;     8  =  — 3S°  50' 
Have  not  been  able  to  find  this  star. 

A,  160.      9M.5   ;   11».2. 

a  =  12h  40"'  588.9     ;     8  =  —38°  53' 
1900.386         183.0  1.77 

.389         185.1  2.04 

.416         185.9  1.59 


1900.397         184.7 


1.80 


1900.449     96.7     5.82 

At  162.  10". 5  ;  13tt.5. 
a  =  12h  44'"  (K6  ;  8  =  —34°  12'  57".4 
1900.079    228.3     5.19 
.416    225.9     5.89 
.425    230.0     6.32 


1900.307 


228.1 


5.80 


A,  164.  8M  ;  13".3. 
a  =  12*  *6">  IS8. 7  ;  8  =  —32°  48'  2".2 
AB 
1900.408    193.5     2.24 
.425    193.7     2.33 
.441    193.0     2.60 


1900.425    193.4 


2.39 


AC    C  =  13.5 
1900.408         119.5         42.04 

\  165.     6«.5  ;  13".2. 

a  =  12h  47ra  428.1     ;     8  =  — 38°  50' 47".l. 

1900.386  235.3  19.86 
.389  231.7  19.82 
.416         231.6         20.43 


l9oo.:;97 


232.0 


20.0  1 


.1  B   (Cogsiiall)  B  =  12.5 
1900.389         165.5  2.71 

.416         163.8  2.7.". 


1900.402 


164.7 


2.73 


Aj  167.     8M.3  ;  13". 


A,  169.     7M  ;  12".3. 
a  =  121'  5Sm  15s.O     ;     8  =  —33°  43'  4U".2 

1900.079  235.2  10.40 
.096  235.0  10.98 
.123         235.5         11.00 


r. .090 


235.2 


10.79 


a  =  12h  55" 

1K5     ; 

8  =  —35° 

36'  42".5 

1899.200 

118.9 

23.60 

.430 

118.4 

2.' 1.-11 

.436 

117.6 

23.31 

1899.355 

118.3 

23.44 

A,  172.     7".5  ;  12". 7. 
a  =  13h9m40s.4     ;     8  = —33°  37' 25" 
t  6»o  Pv 

1900.389        350?3  4.31 

.406         347.0  4.44 

.408         345.6  l.o:, 


1000.101         347.6  4.27 

AC    (7  =  14 
1900.389         226.3 

A,  174. 

a  =  13h  11"'  218.1     ;     8  =  —30°  3'  49".9 
1900.449 

I  have  examined  this  star  carefully,  and 
cannot  believe  it  double,  either  as  Dr.  See 
observed  it,  or  any  other  way. 

A,  175.     8". 2  ;  13".2. 
a  =  I3h  12"'  578.3     ;     8  =  — 31°  34*  39».6 
1899.427         117.1         11.64 
1900.079         116.9         12.09 
.386         117.3         12.22 


1S99.964 

1899.227 

1900.079 

.386 

117.1 

AC    C 
117.1 
116.9 
117.4 

11.98 

=  13 
40.51 
40.77 
40.91 

1899.964 


117.1 


40.73 


A:  178.     8"  ;  13".7. 

a  =  13"  21m  3S».9     ;     8  =  —32°  12'  4S".3 

1899.200         227.5         14.34 

.345         233.1         14.06 

.430         232.9         14.39 


L899.325 


231.2 


14.26 


Ai  171.     8"  ;  SM. 
a  =  13"  9"'  198.0     ;     8  =  — 341  6'  3".S 
1899.433         295.5  0.50         B. 

1900.449 

Found  this  star  by  See's  field,  and  after  try- 
ing 500,  750,  1000  diameters,  I  can  see  nothing 
to  indicate  any  duplicity.  Star  is  certainly 
under  0".2,  if  double  at  all. 


Aj  181. 

a  =  13h  27m  57».6     ;     8  =  —37°  44'  38".l 
AB 
1900.433  0) 
1900.438  O 

j})  The  A  B  of  this  system  is  not  apparent. 
Possible  elongation  in  90°.  Not  more  than 
0.25  in  any  case. 

(2)  This  star  is  not  double.  Seeing  good,  and 
no  companion  visible  under  f ,  £  or  f^eye-pieces. 

7  ".5";  12". 
1900.433  17.4         28.31 


A,  184.     ■ 

""  ;  10". 

a  =  13h  32™  4M      ; 

8  =  —34°  33'  14".0 

1900.444         313.4 

1.15 

.449         315.2 

1.50 

1900.446         314.3 

1.32 

A,  185.     8' 

.2   ;   12".5. 

a  =  13h  32"'  21M      ; 

8  =  —36°  58'  25  ".1 

1899.189           14.6 

17.49 

.430           15.0 

17.56 

1899.309           14.8 

17.52 
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a  =  1 
t 

L899  L27 

.436 

1S7.     ! 

:;T  .4      : 

6 
37.8 

»  :  l;:\ 

8  =  -  36    52 
P 

1  IV, 

5.32 

l  i.'.i 

a  =  I8h  51 

1 
1899.200 

1900.433 
.436 
.438 

194.      8"    ;   S\5 

"27-.r.     ;     8  =  —  27°  1' 

6,                          Pu 

:  ;2 1.1           0*62 

310.0             0.55 
312.0          0.62 
311.5          0.55 

57  ".0 

B. 

A, 

a  =  M'1  14' 
t 

I'.ioo.  158 

K- 

a  =  14''  23' 

1900.416 
.425 
.433 

204.     4 ".5   ;    II". 
28».6     ;     8  =  — 37°25'31".0 
00                  Po 

x:i,s        33.99 

1899  13] 

38.3 

88.     7" 

"7-.1     : 
276.5 
274.4 
276.8 

4.79 

S   ;   12-'. 5. 
8  =  —32   9' 

IS.  Ml 

IS. 25 
17.94 

B. 

54".  0 

'05.      7". 7   ;   13". 7. 
20".  8     ;     8  =  —30°  35  '29  ".7 

a  =  13»«  37 
1899.200 

1900.436        311.2          0.57 

X,  195.     7\7   ;   13».3. 
a  =  13h  55m  89M     ;     8  = -31°  S 
1899.345         237.7         22.no 

11 .416         23  7. 6         21.89 

.425         239.2         22.29 

C. 

4  ".2 

63.9         11.82 
67.3         12.10 
68.8         11.00 

.345 
.427 

1900.425 

a  =  14>>  20 

iso^sso 

.438  (2) 
1900.438  (») 

(')  The  faint 
large  star  lias 
with  this  seei 

(-)  Nothing  s 
fair. 

(3)  I  can  see 
tern,  althougl 
The  10M.5,  co 
quite  small,  t 
can  see  no  su< 

K 

a  =  14h  32' 

1899.189 

.200 
.427 

66.7         11.64 

L899.324 

275.9 

L89.     1 
34«.6     : 
254.8 

254. 8 
254.1 
253.3 

18.06 

"  ;  13". 
8  =  —30°  17 
13.46 

12.64 

12.62 
11.81 

21  ".5 

B. 

X,  206. 

X 

a  =  13"  40" 

1899.4  11 

1900.079 
.123 

.389 

1900.062         238.2         22.06 
\  199.     7».5  ;  12s'. 7. 

a  =  14h  4'"  35».4      ;     8  =  —29°  36' 

1899.4:18         227.0           8.11 

1900.411          225.9            8.32 
.416         227.0           8.36 
.436         225.0           8.20 

54  ".2 

B. 

n  2s.O     ;     8  =  —31°  44'  30\7 

companion  is  very  easy,  but  the 
no  appearance  of  being  double, 

1900.197 

254.1 

90.     7" 

'  7-.0     : 

223.6 

223.6 

223.2 

12.36 

8  ;  10».5. 
S  =  — 29°  47' 

7. 13 

6.92 

7.17 

25  ".9 

X,l 
a  =  13"  48' 
1899.1S9 
.345 
.430 

1900.421         226.0           8.29 

X,  200.     8"  ;   12". 
a  =  14h  5'"  31".  7      ;     8  =  —29°  18' 

1899.441           96.6         10.09 

X,201.     7".5  ;  11". 5. 
a  =  14>>  8'"  2».7     ;     8  =  —31°  34' 
1899.436         200.7         17.46 
1900.416          199.S          17.44 
.433         200.1         17.31 

C. 

45  ".3 

B. 

39  ".9 

lie  faint  companion  of  this  sys- 
sky  is  bright,  with  full  moon, 
mp.  190°  1"  is  not  there.     Xtars 
nd  at  times  quite  steady,  but  I 
h  companion. 

208.     6".2  :  11  ".5. 

°  19".3     ;    8  =  —34°  50'  29".3 

19.9         23.15 

20.0         23.19 

20.6         23.23 

1899.321 
L899.189 

223.5 

AC    C 
142.S 
1  13.4 

1  12.9 

7.17 

=  13.5 
31.94 
29.66 

31.25 

.345 

1899.272 

K 

a  —  14h35 

1899.430 
1899.430 

20.2         23.19         B. 

.430 

1900.095 

A, 

a  =  14"  10' 

1899.427 
.433 

.438 

200.2         17.40 

202.     X\5  ;  S\7. 
>  59».9     ;     8  =  —29    30 
A  IS 

109.5  0.90 
107.7            0.S4 

110.6  0.84 

25".  2 

1899.321 
X, 

a  =  13"   1> 

1900.123 
.192 

143.0 

91.     7" 

'49».4     : 

155.1 

1  55.7 

156.4 

30.95 

.3  :   12».7. 
8  =  -34=  6 
19.32  0 
19.08 
19.41 

10".3 

210.     S".5  ;  8".5. 
n  57».9     ;     8  =  —32°  23'  S".3 
A  B 
256,1            0.47          B. 

.406 

1899.433         109.3           0.86 

Wrongly  identified  by  See.     About 
of  this  place. 

5'"  west 

346.3         25.38         B. 

1  !M»i.24(i          155.7 
i  |  Seeing  bad. 

19.47 

a  =  lZb  50' 

1900.416 

.  1 25 

L92.     7' 

IS  .1      : 

185.6 
185.2 
L84.8 

.8  ;  11*8. 

8  = 

2.77 
2.65 
2.S5 

'21  ".9 

1899.427 
.433 
.438 

^f  C  =  12.3 

134.8  29.66 

135.9  30.27 
134.8         30.73 

1899.1: 30 

X 

a  =  14''41' 

1899. 1X9 
.200 
.433 

20.3         25.99         B. 

,  211.     8"  ;  13". 

'  19».9     ;     8  =  —  30°32'41".l 

.438 

1899.433         135.2        30.22 

X,  203.     S".2   ;   12».0. 
a  =  14h  13m  S7-.4     ;     8  =  —29°  11 
1899.430          95.3         10.04 
1900.079          95.2          9.50 
.416          95.0          9.85 

1899.975          95,1           9,sn 

Wrun^h    M.'iitilM'il   by  See.     Star 
.")'"  u rsi  of  this  place. 

B. 

'  47  ".4 

is  about 

180.1         13.70 

1900.426 

IS  5. 2 

193.     8 

L3-.0     : 

L63.8 

162.7 
164.8 

2.76 
«  ;  13". 7. 

8  = -27-   11 

5.83 

6.51 
6.21 

1  l:V'.4 

1X0.1            13.17 

178.9         13.99 

a  =  13h  51' 

L899.441 
1900.079 

.106 

1899.274 

a  =  14*  41 
1X99.111 
I  have  not 

179.7         13.72 

X,  212. 
'51M     ;     8  =  — 31°49'41\4 

I  '.i75 

L63  3 

6.19 

been  able  to  see  this  star  double 
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A,  214.     7*.3 

a  =  14h  44'"  47s.9     ;     8 
AB 

t             e„ 

1899.441         258.2 

1900.416         258.3 

.444         259.2 

;  13\5. 

=  —35°  58 

Po 

4"S5 
L62 
4.62 

'  14".S 

Aj224.     10M.2  ;  12M.3. 

a  =  15h  11'"  57B.5      ;     8  = —31°  41 
t                       0„                    Po 

1899.427         343!o           3.39 

1900.416         346.2           1.81 
.425         339.5           2.04 
.444         34H.9           2.23 

24».4 
B. 

A, 

a  =  15''  22' 

t 

1899.427 

1000.416 
.425 

235.      0"    : 
32-.0     ;     6 

6„ 

258?5 

257.1 
258.5 

11". 7. 
=  —  33°  58 

Po 

5.34 

.7.1' .7 
5.34 

54  ".1 

1900.100         258.6 

A  C    C 
1899.441           58.2 
1900.416           58.7 
.444           57.4 

= 

4.70 

13.2 
38.66 
38.86 
37.82 

1900.420         257.8 

A,  236.     9" 

a  =  15*  22'"  49«.3     ;     8  - 

L900.482         244.3 

A,  237.     7».7 

a  =  15*23m5'>.l     ;     8  = 

1899.425         289.9 

1900.425         287.1 

.438         289.4 

5.30 

9».5. 

=  —38°  17 

I'.To 

.  li'".:;. 

=  —3.7    3' 

9.23 

9.78 
9.43 

1900.428 

K 

a  =  15*  12 

1899.197 

1900.449 
.479 

342.2           2.03 

525.     8M.5  :  11M.5. 
"  9'.3     ;     8  =  —31°  2S 
111.8         12.49 

111.4         12.76 
110.7         13.08 

57  ".3 

10".0 

1900.100           58.1 

'.3 

8 

B 

3S.45 

:   8M.3. 

=  —34°  13 

0.56 
0.53 

0.59 

'  32  ".S 

20  "A 

A,  215.     8 

a  =  14h  50'"  21s.  4      ; 
A 

1900.464         111.0         12.92 

A,  226.     6"  ;  14".o. 
a  =  15h  12m  33s.  6     ;     8  =  —  30 D  50'  30  ".4 

1899.200           70.3         21.25         B. 

li .170           71.8         21.29         C. 

This  companion  may  be  variable,  as  Dr.  See 
rated  it  12M.5,  and  it  is  now  on  the  very  limit 
of  vision  with  the  24-inch. 

A,  227.     10M.5  ;  13M. 
a  =  15*  12™  32*.9     ;     8  =  —30-  47'  37".0 
1900.449         120.5           7.78 
.455         120.5           7.44 
.458         119.5           7.65 

1899.427           93.5 
.430           96.4 
.438           94.4 

1900.431 

A, 

a  =  15*  27 

1900.509 
.512 

288.2 

238.     7" 
-  13-.8    :     8 
.1  /; 
144.2 
148.9 

9.60 

7M.o. 

=  —24°  S' 

O.20 
o.:io 

lS99.4:;i'          94.8 

- 

0.56 

L0.3 

48.64 
19.00 

48.66 

5S".0 

1899.427           24.1 
.430           23.6 
.438           24.1 

1900.510 

1900.509 
.512 

146.5 

AC    C  = 

119.1 

119.7 

0.30 

0.2 

9.12 

9.00 

1899.432           23.9 

.5 
8 

48.77 

;  13". 7. 
=  —32    14 
36.24 
35.50 
35.97 

55". 5 

Aj217.     55 

a  =  14*  56'"  52".0     ; 

1899.189        117.4 

.197         118.4 

.200         122.0 

1900.454 

A 

a  =  15h  15" 

1899.21 10 
.468 

.4S2 

120.2           7.62 

230.     9M   :  10". 

568.9     ;     8  =  — 2S°56 
1  18.2           3.47 
150.0           3.15 
148.2           3.60 

30".  1 
7".l 

1900.510         119.4 

A,  241.     8M.7 

a  =  15h  30'"  54s.O     :     8  = 

1000.444           29.2 
.45S           24.8 
.170           23.1 

9.06 

;  10».3. 
=  —23°  20 
0.83 

o:67 

0.61 

52  .7 

1899.195         119.3 

.5 

8 

35.90 

;  13".0. 

=  — 36c  37 

5  92 
5.17 
4.8S 

B. 

32  ".2 

At221.     7' 

a  =  15h9'"31s.l      : 

1900.416          39.0 
.11':.         39.3 
.438           39.2 

1899.383 

K 

a  =  15h  16 
1900.4  4'.! 
.458 
.463 

148.8           3.41 

231.     8\2  :   14". 

"(i-.i     ;     8  =  —36°  40 
245.1         12.S9 
24.7.1          12.70 
242.0         12.56 

1900.460 

\ 

a  =  15*  31" 

1000.440 

.482 
.493 

25.7 

241'.     S".2 
398.6     :     8 

6.1 

4.7 

0.70 

:  9 ".2. 
=  —30°  55 
0.61 
0..7I 
0.78 

'IS".  9 

1900.426           39.2 

A,  222.     8> 
a  =  15"  '.>"'  58B.2     : 
1899.200        329.5 
.4680     329.8 

.8 
8 

5.09 

;    IP'. 7. 

13.41 

14.34 
13.13 

'  26".5 

1900.457 

K 
a  =  15*  L6' 
1900.425 
.  158 

244.1         12.72 

232.     9*   ;   12". 7. 

49M     ;     8  =  — 28c  37 
45.5           1.96 
13.8          5.10 

.77  .1 

1900.475 

A 

a  =  15*33 

li .444 

.458 
.479 

5.4 
243.     8M 

"  44'.4      :      o 
20.7 
28.1 
29.5 

0.64 

10". 
=  —31°  3 
0.85 
0.87 
0.87 

35".5 

.473(2)     328.7 

1900.441 

A, 
a  =  15*  IS' 
L  900.455 
.458 

.476 

44.6          5.03 

233.     7*5  ;  14". 
2».5     :     8  =  — 26c  56' 
223.8         13.79 
226.0         14.35 
224.0         L3.87 

52».2 

1899.380         329.3 
<'  i  Seeing  very  bad. 
iJl  Thin  clouds  and  n 

A,  2 

a  =  15h  10'"  3 ".7      : 

L3.64 

oonlight. 

23. 

8  =  —30°  12' 
to  find  this  sta 

23  ".0 
r. 

1900.460 

A, 
a  =  15*  35" 

1899.197 
.  182 

.0.1 

244.     8».5 

30".  1      :      0  = 

: ;  1 .  •' ; 
37  0 

0.86 

;  9a.2. 
=  —31°  31 
0  87 

o.71 

2S".4 

I  have  not  been  able 

1900.463 

224.6         14.00 

isoo.340 

:;i.l 

O.70 

B. 
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A,  245.     9M.5  ;  '.'   .5 

„  =  15'  86  34\S     :     S=    -   84    22'  32  .7 
t  6  P 

I! .509         173^2  0.34 

A,  246.     8*.2  ;  14*. 

o  =  15  ;     S  =  — 27L 

l< .416         312.9         L3.32 

.449         311.1  13.76 

.455        310.8         13.33 


1900.440         311.6 
Xx247.     7' 

a=  1 0 

L900.425  277.6 
.438  277.5 
.458    278.8 


13.41 


i:;\: 


=  —30°  7'  31".0 
13.02 
12.43 
L3.03 


1: .4  I" 


278.0        12.83 


A,  250.     8".3  ;  9\2. 

a  =  i5h44'"4o-.3    :    8  =  —  :U    ir  :;:..:; 
1900.463  98.7  0.60 

.47-.I  96.5  0.59 

182  96.1  0.57 


1900.475 


97.1 


0.59 


A,  251.     3"  ;  12M.5. 

a  =  15h  50'"  42».G     ;     8  =  —2S°  55'  19".l 

1899.17:.  98.0        38.89 

127  95.0         37.49 

.449  97.9         38.62 


L899.350 


97.0 


38.33 


B. 


A,  253.     8*  ;  12'!.3. 
a  =  15h  53m  17".0     ;     8  =  — 35°  33' 26".3 
1900.458         130.5         11.84 
.463         129.2         11.99 
.479         127.8         12.13 


1< .467         129.2         11.99 

This  -t;ir  is  wrongly  identified  by  Dr.  Si  i  . 

A,  255.     8».2  ;  9B.5. 
a  =  15''  54'"  S-.O     :     8  =      25    53'  3 
1899  136         343.3         15.06 
.482         342.8         14.99 


1899  159 


1899.436 
.482 


343.0 


15.02 


i  I      C=  14 
22.0  ±      11.70 
20.7         12.52 


1899.459 


21  3 


11'.  11 


A,  256      B"  :   IP.:. 

a  =  15    54     24«.3     :     S  =  —35    12'  85".8 
1899.197         128.3         12.65 
.430         126.8         13.09 


1899.313 


127.6 


12.87 


B. 


A,  257.     8"  ;  tl»8. 

!  =  15>>  55"'  2".2     :     8  =  —28°  3'  0".9 
t  0,  p„ 


1899.175 
.197 
.200 


340.1  6.35 

341.9  6.21 

339.9  6.23 


1899.191 


340.6 


6.26 


A,  260.     8*.3  ;  9*3. 


=  i5>>  55'"  33s.o    ;    8 


-2N"'  KV.'ilV'.O 


1899.425 
.427 
.460 


22.4  5.91 
23.3  6.05 

23.5  5.93 


1899.440 


23.1 


5.96 


A,  261.     8*  ;  13M.7 

a  =  15*  55™  38'.  6     ;     8  = —28°  1' 26". 8 

1900.425  13.8  9.87 

.433  12.8         11.14 

.458  14.1  9.98 


1900.439 


13.6 


10.33 


A,  263.     7".2  ;  13".8. 
a  =  15*  58m  19«.7     :     8  =  — 3S°  56'  26".2 
1900.449         218.5  8.78 

.463         217.4  8.68 

.479         215.6  8.43 


1900.464 


217.2 


8.63 


A,  264.     7".7  ;  9«7. 
a  =  15''  51)'"  20\ij     ;     8  = —32°  34' 55" 
1900.455         335.5  0.64 

.458         332.7  0.57 

.482         335.9  0.55 


1900.465 

334.7 

0.59 

AC     C 

=  11.7 

1900.455 

8.3 

9.53 

.458 

8.1 

9.75 

.482 

8.7 

9.83 

I'.iou.k;.-, 

8.4 

9.70 

A,  265.     6\3  ;   13u.5. 
a  =  16*lm52».6     ;     8  =  —38°  49'  27 ".1 
1900.43S         299.0         15.41 
.449         299.6         15.56 
.463         298.4         15.69 


1900.450 


299.0 


1  '>.'>'> 


A,  26S.      7»7    :   8".2. 
a  =  16*  7™  59'.9    ;    8  =  —  38°  52'  83  .7 
1899.175         168.1  2.03         B. 

1900.438         166.6  1.75 

.479         164.1  1.74 


1900.458 


165.3 


1.75 


C. 


A,  270.     7".7  ;   13».2. 

a  =  16h  10'"  37«.  1     :     8  =  — 29c  29'  38* 

t  6  p., 

1899.425         l:;:.'.'  9*12 

.427         140.7  8.88 


1899.426         139.3 


D.00 


A,  276.     7*5  ;  14*.8. 
a  =  16*  19"'  17».5     :     8  =  —33°  20'  11*.8 
1900.416         154.3         14.55 
.425         154.4         14.83 
.455  154.5  15.05 


190(1.432 


15  1.1 


14.S1 


A,  278.     8M.3  ;  8*8. 
a  =  16*  19'"  3U-.S     ;     8  =  — 31°  0' 12".5 
1900.438         323.5  0.80 

.455         328.0  0.78 

.479         324.8  0.69 


1900.457 


325.4 


0.76 


A,  280.     8".7  ;   14M.7. 
a  =  16*  28m  54s.3     ;     8  =  — 30   51' :;  .  I 
1900.416         245.5  7.81 

.463         245.5  7.25 

.476  245.5       ■     6.73 


11)0(1.452 


245.5 


.26 


K,  281.     8».5  ;  13". 


a  =  16h  30'" 

25».l     ;    8 
.1  B 

=  —33°  50'  58".4 

1900.438 

252.3 

8.36 

.476 

252.1 

8.36 

.479 

251.1 

8.30 

1900.464 

251.8 

8.34 

AC     C  = 

14.7 

1900.438  (!) 

.476 

244.2 

17.28 

.47'.) 

243.5 

16.70 

1900.477 

243.8 

16.99 

(')Aloon  too  bright  to  see  well  enough. 

A,  2 

82.     8*3 

;    12*.7. 

a  =  16"  32' 

'  5!i-.o      ;     I 

=  —34°  0'25".l 

1900.425 

209.1 

2.40 

.  138 

207.2 

■2X,r, 

.476 

207.3 

2.48 

1900.446 

207.9 

2.51 

A, 

285.     9" 

;   14". 

a  =  16*  38 

'76.5     ;     8 

=  —27    14'  51M 

1900.425 

261.8 

13.65 

.455 

259.9 

13.63 

.403 

258. 1 

13  78 

1900.448 

L'60.0 

13.69 
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Ai  289.     6M.7 

a  =  16h  44™  14\4     ;     8  : 

t  0, 

1900.458  99?3 

.463         101.1 
.476  99.3 


14*.7. 

=  —31°  27'  46".0 
Po 

3"23 
3.00 
3.01 


19OU.400 


99.9 


A,  290.     7".S 
a  =  16h  45m  21*.5     :     8  : 
1900.438  75.6 

.455  73.2 

.463 


73.2 

7<>  7 


3.08 

:   14". 

=  —35°  17'  ls".l 

9.28 

9.47 

9.39 


1900.452  73.8 

\  291.     8M 

a  =  16h  4Sm  7S.S     ;     8  = 
1899.602  3.7 

K,  305.     10M 

a  =  16h48'"  3P.4     ;     8 

1900.493         328.7 

A,  306.     9" 
a  =  16h48m32s.7     ;    8 
1900.463         350.5 

A,  307.     10" 
a  =  16h  4Sra  S2".9    ;    8 
1900.463  95.1 

Ax  311.     7  ".2 

a  =  16h49m528.5      ;     8 

1900.458  130.9 
.479  129.8 
.482    131.3 


9.38 

l  13". 

=  — 25D25'51".2 
2.36 

5  ;  14". 
=  —39°  21'  18".3 
6.97 

;  13". 

=  —39°  19'  16".4 

14.82 

;  13". 

=  — 393  17'  23 ".2 
7.41 

;   15". 
=  —  3  T  8' 43 ".8 

3.11 

2.72 

2.82 


L900.473         130.7 

A,  312.     9".2 
a  =  10h  40'"  54s.8     ;     8  : 
1900.476         349.7 
.479         351.5 
.482         352.3 


2.88 

13". 7. 

=  —  31"  13'  14".2 

8.96 
9.34 

9.11 


1900.479 


351.L' 


9.13 


1900.458    328.8 
.479    330.5 


5.12 


I'.mhi.  tr.'.i 


329.6 


5.44 


A,  317.  s"  ;  13".3. 

a  =  li;1'  55m  39B.2     :     8  =  — 29c  31 '  31  ''.5 

1900.425         356.5  9.35 

.438         354.7  9.00 

.458         357.9  9.40 


1900.440 


356.4 


9.25 


A,  318.     8"  ;  8*5. 
a  =  16h  59m  2C.6    :     8  =  — 38°  29'  29'.5 
1899.600         243.3  0.45 

AL319.     8"  :   12*.5. 

a  =  17h  2m  23>.9     :     8  =  — 26°  46'  19*.2 

1899.427         210.3  7.46 

.575         211.5  7.69 

.594         211.0  7.45 


1899.531 


210.9 


At  325.     S*.3  ;  9". 

a  =  17''  15"'  44'.  4     ;     8  =  —30°  24'  6".0 

1899.430         233.3  3.57 

.463         233.2  3.49 

.47:;         234.5  3.45 


1899.455 


3.50 


K 

313.     8".3  :   10",S. 

a  =  16h  50" 

10s.9     :     8  =  — 38°  16'  24".8 

L899.463 

230.4           2.48 

.470 

232.1            2.50 

.600 

228.9          2.44 

1899.513 

230.5           2.47 

A 

,  314.      7"   ;   14". 

a  =  lGh  50" 

29".7     ;     8  =  —32°  10'  36".7 

AB 

1900.458 

22.1         15.06 

.479 

21.0         14.21 

1900.469 

21.5         14.63 

A,  320.     S\ 7   :  9". 2. 

a  =  17h  16m  5a.4     :     8  =  —20°  38' 

1899.476  12.0  nr,:, 

.575  11.8  0.56 

.589  11.7  0.59 


1899.5  47 


11.8  "'.57 


A,  329. 

Cannot  find  any  such  star  near  this 

A,  330.      8*5   :   9".7. 

a  =  171'  ■-':'.'"  47-.:.      :     8  = —30°  10' 

1899.463         170.3  1.86 

.509C1)     171.8  1.65 

.575         17C2  1.63 


place. 


1899.516         170.8  1.71 
f1)  Stars  not  separated. 

A,  332.       S"  ;    12". 
a  =  171'  _'4'"  1>.:.      :     8  =  —27 
AB 

1899.427         189.1  7.17 

A  C    C  =  12.5 

1899.427             0.2  15.98 

L899.610         189.9  7.49 

.613         191.4  7.66 


B. 


AC 


1899.610         359.2 

15.98 

.613         358.0 

16.13 

1899.611        358.6 

10.110 

Aj  336.     9" 

.2   :   12 ".5. 

a  =  17h  35m  24s.  5     ; 

8  =  — 1S°  35'  2".0 

1899.592           97.0 

3.34 

.630           94.8 

3.07 

.638           96.4 

3.34 

1899.620  96.3  3.25 

ThisisnotO.A.l7158,butisS.DM.  18 "  -H 1 1 " 

Ax337.     8".3  ;  9*3. 
a  =  17h39m  12».0     ;     8  = —28°  0' 37 ".6 
1899.471  10.6  9.63 

.473  10.8  9.83 

.575  10.6  9.65 


1S'.I9.500 


10.7 
A,  342.     6". 


9.70 
;  7*3. 


a  =  17h  46m  43s.2     ;  8  = —34°  52' 14".  1 
1899.600         283.9  0.46 

.602         287.0  0.41 

.005         287.3  0.48 


L899.611         190.6 


1S99.602 

286.1 

0.45 

K 

343.     7> 

.5 

;  11  ".5. 

a  =  17h  51 

»  128.4     ; 

8 

=  —35°  59'  38  ".5 

A  B 

L899.463 

16.2 

3.40 

.471 

16.4 

3.00 

.473 

15.5 

3.31 

.504 . 

16.4 

2.84 

1899.478 

16.1 

3.14 

AC    C 

= 

13.1. 

1899.463 

'.'7.1 

10.73 

.471 

97. S 

L0.85 

.473 

98.3 

11.64 

.504 

98.0 

11.04 

1899.478 

97.S 

11.07 

A,  3 

44 

a  =  17h52m4».2     :     8  = —36°  50' 59".  1 

Can  timl  no  such  star  near  this  place.     See- 
ing very  tine. 

A,  340.     5*3  ;  13».2. 
a  =  17h  5S">  37-.S     ;    8  =  — 29°  35'  3".2 
A  B 
1S99.010         234.5         32.87 
.613         233.3         32.88 
.649         234.0         32.47 


1899.624  233.9  32.74 
AC    C  =  13.2 

1899.010  101.2  47.30 
.613  100.7  47.99 
.649         100.2         48.47 


1899.624         100.7 


17. 92 
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OBSERVATIONS   <>F    SIX  SPOTS, 

M  vim:    at    BOSTON    i   HIVBBSIT1    OBSERVATORY, 

V.\   i;.  E.  BRUCE   k.ND  I..  E.  citouCH,  Students  in  Astronomy. 
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For  explanations,  see  A.J.  466. 

The  number  of  different  groups  observed  was  10,  containing  138 
different  spots.  Six  groups,  with  74  spots,  were  north  of  the  equator, 
while  4  groups,  with  64  spots,  were  south.  Xo  group  was  within  2° 
of  the  equator.  Eight  had  a  latitude  less  than  10°,  while  2  were  on 
tin'  parallel  of  10°.  The  spot  observed  in  Xovember  had  the  same 
latitude,  (i  S..  and  nearly  the  same  longitude.  118°,  as  the  mean  of 
the  October  group.  The  group  in  June  was  probably  a  reappearance 
of  the  May  group. 

The  longitudes  of  five  northern  and  three  southern  groups  were 
between  00°  and  ISO3.  One  northern  and  one  southern  were  between 
•27o   and  360°. 

The  location  of  the  current  minimum  can  not  be  determined,  as 
yet,  but  a  comparison  of  these  observations  with  those  made  during 
tin'  preceding  college  year  (A.J.  484)  seems  to  indicate  a  decrease  in 


solar  activity.  Doubtless  conclusions  based  upon  the  number  of  sun- 
spots,  alone,  should  not  be  considered  final  in  locating  maxima  and 
minima,  although  they  may  be  as  reliable  as  those  based  upon  any 
other  one  set  of  data.  For  the  purpose  of  investigating  the  last  max- 
imum, Mr.  Cbotjch  made  use  of  all  the  observations  of  Rev.  A.  W. 
QriMBY  since  January,  1890.  Mr.  Quimby  kindly  furnished  any 
that  had  not.  been  published.  Four  curves  were  constructed  with 
intervals  of  6,  60,  120  and  300  days  respectively,  from  which  was 
concluded  a  maximum  at  1893.75.  This  result,  in  itself,  may  be  of 
but  little  scientific  value,  though  it  is  interesting  to  note  that  it 
agrees  almost  perfectly  with  the  epoch  given  by  Nkwcomb  in  the 
Astrophysical  Journal  for  January,  1901.  It  should  be  added  that 
Mr.  CROUCH  knew  nothing  of  this  epoch  until  his  conclusion  was 
reached. 


ORBIT   OF   5.3062, 

By  JOSHUA  LARSON. 


Most  of  the  elements  of  this  star  hitherto  published  have 
been  obtained  by  the  graphical  method.  The  latest  and 
best  elements  are,  evidently,  those  obtained  by  Dr.  T.  J.  J. 
See  (A. X.  3292).  His  elements  represent  the  true  places 
so  nearly  that  a  great  improvement  could  not  be  expected. 
Nevertheless,  my  elements,  which  were  obtained  by  the 
least-square  method,  do  show  a  marked  diminution  of  the 
residuals  over  those  of  Dr.  See. 

Great  care  was  exercised  in  collecting  the  observations, 
and  the  original  sources  were  consulted  in  every  case  as  far 
as  possible.  The  averages  given  by  the  different  observers 
were  verified,  and  every  measure  available  was  looked  up 
at  least  twice  in  the  original  source. 

A  few  of  Schiaparelli's  measures,  since  about  1887. 
which  are  still  unpublished,  were  taken  on  the  authority 
of  Dr.  See  (A.N.  3292).  and  some  of  Madler's  and  Stbi  vTe's, 
which  I  did  not  have  access  to,  were  kindly  furnished  by 
Prof.  S.  W.  Btjenham,  who  also  verified  my  list  of  obser- 

Xokmal  Equations 


vations  and  added  such  measures  as  might  have  been  over- 
looked. 

Owing  to  their  doubtful  character,  the  measures  of  1782, 
1783  and  1823  were  omitted  altogether  from  the  compu- 
tation. 

As  provisional  elements,  1  took  the  following  by  Dr.  See 
(A.N.  3292) : 

183G.26 
0.450 

47°.ir> 

43°.85 
90°.90 

+  3°.4413 
1".3712 


T  = 

e  = 

Q,  = 

A  = 

V-  = 


Forming  equations  of  condition  from  the  observations  of 
position-angle  only,  with  suitable  weights,  I  find  the  fol- 
lowing 


+  9. 


13.30  y 
■131.76 


19.02,-  -   18.66  s  +     20.89?  -    12.82 u  -  6.19 


+   62.66 
+  117.55 


+257.91 

+  101.45 
+  550.65 


-  305.66 
+    194.54 

-  467.61 

-1200.38 


+  109.93 
+  07. SO 
+  21H.77 
-27H.73 
+  105.40 


-  3.19 
+90.17 

-  2.42 

-  4.57 

+  17.S4 


Solving  these  equations  (and  dividing  J/j.  by  10.  ami    1e 
by  57.296),  we  have 


Weight 

Prob.  Error 

=     7/    =    +   3°.63 

11.013 

±1°.547 

=   JX   =    +10°.46 

0.3S6 

2  .17.7 

=   Je    =    -   0.006 

4.189 

0.226 

=-     /,,    =    -  0°.2S9S 

colt 

1°.005 

=     //'  =    +   o\o:; 

.';.".:;:; 

05  285 

=   JQ=    -   3°.50 

0.784 

1   .21ii 

Probable  error  of  1  observation  of  weight  1  =  ±0°.9  1833. 
These  values  furnish  the  following 


Final  Elements  (1900): 


P  =  114.15  (years) 

T  =  1836.89 

e  =  0.444 

Q,  =  43°.65 


;  =     47°.48 

A  =  10P.36 

^  =  +  3°.1515 

a  =        1".4919 


The  sum  of  the  squares  of  the  residuals  was  reduced  from 
254.66  to  112.66. 

The  semi-major  axis  was  determined  from  the  distance- 
measures,  which  gave 


/,/ 


0.1207 

1.1910 


The  above  final  elements  furnish  the  following 
son  with  the  observations  : 


compart- 


L2 


THE     ASTRONOMICAL     JOURNAL. 


N'-   .-.iO  .-.(if, 


t 

0. 

Po 

P, 

6° -de 

Po  —  Pc 

it 

Observer 

1831.71 

s7  -, 

90  n 

0.82 

u.72 

-2.5 

+  0.1(1 

2 

\V.  Struve 

1833.71 

|ns  6 

L09.3 

0.56 

0.61 

-0.7 

-0.05 

3 

\Y.  Struve 

1835.66 

L32.6 

L33.9 

0.41 

0.56 

+  1.3 

-0.05 

5 

W.  Struve 

L836.65 

1  17.6 

1  17.1 

0.47 

0.57 

-0.5 

-0.10 

8-5 

2»;   023-0 

L837.78 

157.9 

161.2 

0.49 

0.60 

-3.3 

-0.11 

3 

W.  Struve 

L840.55 

IS6.6 

iss  1 

0.65 

(1.71 

-1.8 

-o.io 

7-6 

"2  1;  Da.  3-2 

1841.72 

193.2 

196.7 

0.89 

0.80 

-3.5 

+  0.00 

0 

Madler  7;  Da.  2 

L842.80 

207.3 

203.3 

0.87 

0.87 

+  4.0 

ll.llll 

1 

MMler 

1843.69 

209.0 

208.0 

0.91 

0.92 

+  1.0 

-0.01 

4 

Madler  3  ;  Da.  1 

1844.50 

213.8 

211.9 

0.85 

0.96 

+  1.9 

-0.11 

5 

Madler 

1845.61 

216.9 

216.7 

0.96 

1.02 

+  0.2 

-0.06 

1 

Madler 

1846.50 

220.7 

22U.2 

1.04 

1.06 

+  0.5 

-0.02 

19 

022;   Madler  17 

L847.53 

225.1 

223.7 

1.12 

1.10 

+  1.2 

+  0.02 

5 

Madler 

lsis..-,;, 

229.4 

227.:: 

1.1.-. 

1.14 

+  2.1 

+  0.01 

3 

022;  Da.  1 

is  cum 

232.5 

230.3 

l.u'.i 

lie, 

_)_.,  •, 

-0.07 

3 

0.  Struve 

1850.56 

233.4 

233.6 

1.22 

1.21 

-0.2 

+  0.01 

7-0 

023 ;    Madler  3;  Da.  1-0 

L851.37 

236. 1 

235.9 

1.21 

1  22 

+  0.5 

-0.01 

12 

022;  Madler  8;  Madler  2 

L852  18 

238.5 

237.9 

1.21 

1.24 

+  0.0 

-0.03 

15 

Madler  2;   023;  Madler  10 

1 85 1.47 

246.6 

244.1 

1.40 

1.20 

+  2.5 

+  0.11 

13-7 

024;  Da.  3;  De.  6-0 

L855.59 

247.6 

246.9 

1.28 

1.31 

+  0.7 

-0.03 

14-12 

023:  De.  8-6;   Mo.  3 

L856.65 

248.8 

249.5 

1.32 

1.32 

-0.7 

ii.iiii 
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De.  3;  Winn  1  ;   "2  2;  Madler  1 

1857.56 

252.0 

251.7 

1.30 

1.34 

+  0.3 

-0.04 

10-9 

023;  Sec.  3;  De.  4-3 

L858.54 

252. 1 

254.0 

1.2 

1.34 

-1.6 

-0.14 

2-1 

Dembowski 

1859.16 

255.3 

255.5 

1.46 

1.35 

-0.2 

+  0.11 

3 

0.  Struve 

L861.80 

265.2 

261.6 

1.21 

1.36 

+  3.0 

-0.15 

o 

Madler 

L862.60 

263.7 

263.4 

1.44 

1.36 

+0.3 

+  0.08 

15-8 

022;  De.  11-4;  Madler  2 

1863.73 

265.9 

266.1 

1.42 

1.37 

-0.2 

+  0.05 

11-10 

Kn.  1  ;  De.  9-8  ;  Da.  1 

L864.73 

268.7 

268.2 

1.40 

1.38 

+  0.5 

+  0.02 

7-4 

Dembowski 

L865.71 

271.0 

270.4 

1.32 

1.38 

+  0.6 

-0.06 

11 

De.  6-5;  Kn.  3;  Tal.  2-3 

L866.65 

272.5 

27:;. ii 

1.39 

1.38 

-0.5 

+  0.01 

14-18 

022 ;  Tal.3;  Hv.3;  De.0-4;  H1.5;  Sec.l 

L867.82 

275.5 

275.1 

1.52 

L.38 

+  0.4 

+  0.14 

0 

De.  7  ;  New.  2 

l  868.82 

277.2 

277.3 

1.4S 

1.30 

-0.1 

+  0.11 

0-7 

De.  1  ;  Tal.  0-1;   022 

1869.75 

279.9 

279.3 

1.48 

1.39 

+  0.6 

+  0.11 

6 

Dembowski 

1870.48 

2S1.2 

280.9 

1.52 

1.39 

+  0.3 

+  0.11 

15-16 

022;  Gl.  1;  Tal.  5-0;  De.  7 

1871.62 

2Sl.il 

283.3 

1.42 

1.39 

+  0.7 

+  0.03 

8 

Gl.  1  ;  De.  7 

L872.70 

285. 1 

285.8 

1.44 

1.30 

-0.7 

+  0.05 

9 

De.6  5;  Kn.2;  Ws.l  ;  Brw.0-1 

is::;.;.; 

287.7 

288. 1 

1.47 

1.39 

-0.4 

+0.08 

12-10 

De.  9-7;  W.&H.&S.1;  Gl.  2 

ls7l.SU 

290.2 

288.6 

1.40 

1.39 

+  1.6 

+  0.01 

9 

De.  6:   Sea.&Sm.l;  Gl.  2 

1875.68 

292.5 

292.4 

1.48 

1.40 

+  0.1 

+  O.OS 

11 

De.  6  ;  Du.  5 

L876.84 

294.7 

294.9 

1.40 

1.10 

-0.2 

+0.09 

15-14 

De.  5  ;  02 1  :  Dk.  5  ;  W.&S.  1  ;  PI. 5-4 

1877.68 

296. 1 

296.7 

1.47 

1.40 

-  o.;; 

+  0.07 

8 

De.  4;  Dk.  4 

L878.75 

300.9 

299.0 

1.44 

1.40 

+  1.0 

+  0.04 

9 

De.4;  Dk.  5 

1879.70 

301.8 

301.1 

1.45 

1,11 

+  0.7 

+  0.04 

13-12 

HI.  8;  Dk.2:  Sea.&Sm.3  2 

1880.54 

305.0 

303.7 

1.10 

1.41 

+  1.3 

+  O.OS 

12 

Sea&Sm.2;  /36;  Dk.  4 

1881.60 

304.3 

305.1 

1.56 

1.42 

-l.o 

+  0.14 

15-13 

Jed.  3-2;  03;  Sea.  3;  Big.  1;  HI.  4 

1 882.58 

306.9 

306.0 

1 .40 

1.42 

+  0.9 

-0.02 

15- 13 

-led. 7;  Sea.&Sm.3-2;  02 1;  Dk.4-3 

L883.68 

310.4 

309.5 

1.60 

1,12 

+  0.9 

+  0.1S 

14 

Sea.  2;    Ew.  9;   HI.  3 

1884.  is 

311.7 

311.2 

1.26 

1.43 

+  0.5 

-0.17 

2 

Seabroke 

1885.80 

316.1 

313.4 

1.16 

L.43 

+  2.7 

+0.03 

5 

Hall 

1886.56 

:;l  i  8 

31  1  : 

1.1  1 

1   II 

+  0.1 

Dim 

8-7 

Sea.  &  Sm.3-2;   111.5 

1887.08 

313.9 

316.5 

1.43 

1.44 

-2.6 

-u.nl 

'.1    0 

Sch.  o  :;;  Tar.3 

1888.66 

319.3 

319.7 

1.41 

1     17. 

-o.l 

—  0.04 

11 

Sell.  1  ;   HI.  4:   Sch.  6 

L889  79 

322.0 

322.0 

1.44 

1.46 

o.o 

—  0.112 

S 

(83;   III.  1;   Highton  1 

1890  64 

324.2 

323.7 

111 

1    17 

+  0.5 

—0.05 

9 

Hig.2;    Big.  1  :    1 11.  5;    Sch.  1 

1891.53 

325.0 

325.5 

1    II 

1.47 

-0.5 

-0.03 

7-6 

Hig.l  ;  Seel  ;  Fuss  1-0 ;  Col.2 ;  Sch.2 

L892.88 

327.4 

328.1 

1   18 

Lis 

-0.7 

n.nii 

0 

Com  3;  Hig.  1  ;  Col.2;  .In.  l  ;  Sch  2 

L893  69 

330.1 

329  7 

1.11 

Lis 

•  o.l 

-0.01 

0 

Glas.2;  Com. 2 ;   H..&  S.3;  Sch.2 

1894.61 

331.2 

1.72 

1,10 

0.2 

+  0.23 

0   5 

Big. 3-2;  Glas.  1  ;  H.&S.2 

L895.49 

332.0 

331.1 

1 .52 

L.50 

-1.1 

+  0.02 

5(1  25 

1  ).&  M  .2 ;  1  tig. 7-6 ;  Ho.3 ;  Com.6;  See  4; 

1896.76 

334.6 

.",:;.-,..-. 

1 .65 

1.51 

-0.9 

+  0.14 

7 

Ihi  1  ;  Morg.3       [M1.2; Col.l; Dk.4-0 

L897.64 

336.6 

337.1 

1.5  1 

1.51 

-1.0 

+  0.03 

16 

DoolittleS;  Dk.  1  ;  Aitken3;  llu.  1 

1898.51 

337.3 

338  7 

1  61 

1.52 

-1.4 

+  0.ll'.l 

4 

Maw  3  ;  Bryant  1 

L! .71 

344.8 

342.7 

1.39 

1 ...  1 

+  1.7 

-0.15 

5-4 

Solal;  Dk.4-3 

I 
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MICROMETRIC   DETERMINATION   OF   THE   DIAMETER   OF    VENUS, 

By  D.  A.  DREW. 


In  1898,  while  engaged  at  the  Lowell  Observatory  of 
Flagstaff,  Arizona,  I  made  the  following  measures  of  the 
diameter  of  Venus  with  the  24-inch  refractor  of  that  ob- 
servatory. The  measures  were  made  primarily  for  the 
purpose  of  determining  the  diameter  of  this  planet  for  my 
own  personal  satisfaction,  since  the  diameters  obtained  by 
different  persons  using  different  methods  disagree  among 
themselves  very  considerably.  As  the  work  may  possibly 
be  of  some  interest  to  some  one  else  I  publish  it  here. 

For  all  the  work  but  two  eye-pieces  were  used,  giving 
respectively  powers  of  165  and  124  ;  but  the  power  of  124 
was  not  often  used.  A  diaphragm  containing  a  circular 
aperture  of  a  diameter  of  one-half  a  millimeter  was  always 
placed  between  the  eye  and  the  ocular,  and  for  a  number  of 
the  measures  an  amber-colored  glass  screen  was  used  in 
addition  to  the  diaphragm. 

In  order  to  diminish  as  much  as  possible  the  effects  of 
refraction,  the  measures  were  made  with  the  planet  as  near 
the  meridian  as  circumstances  would  allow.  As  a  result 
the  measures  were  made  in  broad  daylight,  a  circumstance 
that  would  tend  to  lessen  in  a  considerable  degree  the 
effects  of  irradiation. 

In  the  table  the  G.M.T.  is  given  with  sufficient  accuracy 
to  the  nearest  hundredth  of  a  day.  In  the  column  6—90° 
will  be  found  the  angle  at  which  the  micrometer  was  set 
while  measuring,  6  being  taken  from  the  American  Ephem- 
eris.  The  seeing  is  evidently  marked  on  a  scale  of  ten, 
and  quite  severely  marked,  too,  everything  being  taken  into 
consideration  that  would  tend  to  make  the  measuring  diffi- 
cult or  to  vitiate  the  results.  The  columns  d  and  d{A=V) 
contain  respectively  the  measures,  and  these  same  measures 
reduced  to  unit  distance  and  corrected  for  refraction.  The 
measures  made  with  the  colored  screen  are  indicated  by  c. 
The  measures  made  with  a  power  of  124  are  indicated  by 
a.  The  residuals  are  denoted  by  v,  and  /.■  gives  the  ratio, 
as  determined  by  measuring,  of  the  illuminated  portion  of 
the  apparent  disk  to  the  whole  disk  considered  as  the  area 
of  a  circle.  With  the  few  exceptions  that  are  noted,  the 
diameter  was  obtained  from  three  double  measures. 

.7 
d 


G.M.T. 

1898 

Mar.  27.41 
28.39 
31.42 
1.42 
9.40 
17.52 
24.40 
25.55 
May    22.48 


April 


e—  9ou 

253°0 
253.2 
253.1 
252.8 
252.7 
253.6 
254.9 
255.2 
265.1 


Seeing 
1 

1-2 

1 
2-3 
2-3 
2-3 
2-4 
2-3 
4-6 


'.i.e.  II 
10.333* 
10.1(17 

9.746 

9.780 
10.036 
in.::  17 

9.992 
10.835 


A  =  l 

1G\27 
17.41 
17.48 
16.35 
16.24 
16.46 
16.76 
16.15 
16.36 


-0.61 
+  0.53 
+  0.60 
-ii..-,:; 
-0.64 
-0.42 
-0.12 
0.73 
-0.52 


0.965 

I  I. '.m;o 
0.990 
0.995 
0.982 
0.971 

O.'.ISO 

1.000 
0.915 


*  Four  doable  measures. 


June 


G.M.T. 

May  24.. ->4 
26.53 
29.48 
3.43 

1..V, 

7.:;:; 
13.3S 
13.39 
13.50 
14.48 
14.48 
15.45 
15.47 
16.51 
16.52 
17.51 
17.51 
23.54 
23.54 
25.48 
25.49 
26.49 
26.50 
27.57 
27.57 
28.50 
28.51 
29.51 
29.52 
30.52 
30.52 
7.55 
7.56 
18.44 
IS. 47 
10.44 
19.44 
21.50 
21.51 
23.49 
23.49 
10.49 
10.  40 
26.33 
26.35 
1.50 
2.45 
2.45 
4.50 

I.. Ml 
5.49 
.-,.40 
6.51 
6.52 


0— 903  Seeing        <1 


July 


Aug. 


Sept. 


265.4 
267.5 
268.5 
271.5 
272.0 
273.5 
270..-, 
276.5 
270..-, 
276.9 
276.9 
277.4 
277.4 
277.0 
277.9 
278.3 
278.3 
281.0 
281.0 
281.0 
281.0 
°82.2 
282.2 
282.6 
282.6 
2S3.0 
283.0 
283.  i 
283.4 
283.8 
283.8 
286.3 
286.3 
289.5 
289.5 
280.7 
289.7 
200.2 
290.2 
290.7 
200.7 
293.2 
293.2 
293. 1 
293. 1 
293.1 
293.0 
293.0 
202. S 
292.8 
292.7 
201'.  7 
1'OL'..-, 
292.5 


3-5 
2-4 
3-5 
2-4 
4-6 
1-3 
2-4 
4-6 
3-7 
5-7 
2-5 
3-6 
3-5 
6-7 
I  7 
3-5 
3-5 
5-6 
5-7 
3-5 
3-6 
3-5 
4-6 
2-4 
2-4 
3-5 
2-5 
4-7 
4-8 
2-3 
2-4 
4-6 
3-5 
2-3 
2-4 
1-3 
1-4 
3-4 
3-5 
3-5 
3  l 
3-5 
3-4 
2-4 
3-4 
1-2 
1-2 
2-3 
2 

2-3 

1 
1-2 
1-2 
1-2 


10.933 

10.712 

11.189 

11.609 

11.403 

11.490** 

1  L.963 

12.076  c 

12.143  c 

12.233 

12.199  c 

12.215 

L2.236c 

12.138 

12.144c 

12.189 

12.168  c 

12.492 

1 2.486  c 

12.828 

12.810  c 

12.796 

12.761c 

12.714 

12.674  c 

12.773 

12.758  c 

1 "  922 

12.843c 

12.935 

12.936c 

13.611c 

13.596 

14.247  c 

14.1-7.-, 

14.850 

14.601c 

14.706 

14.674  c 

1  L785c 

14.775 

17.010 

17.030  c 

20.062 

I'O.OSl'+c 

20.454ft 
20.381 
20.382  c 
20.423 
20.410  c 
20.589 
20.662  c 
20.032 
20.879c 


1  =  1 

KUl 
15.07 
16.52 
L6.84 
10.  is 
10.43 
16.70 
16.86 

10  0  1 
17.00 

16.95 
16.90 
16.93 
16.72 
16.73 
16.72 
16.69 
16.6S 

10. OS 

16.98 
16.95 
16.85 
16.80 
16.67 
16.61 
16.66 
16.64 
10.77 
16.66 
16.70 
16.70 
16.05 
16.93 
10.07 
16.70 
17.27 
L6.97 
16.89 
16.85 
16.77 
16.76 
17.04 
17.05 
17.65 
17.66 
17.01 
16.80 
16.80 
16.51 
16.49 
10.  is 

io.:,.-, 
io..-,'.i 
lo..-,r, 


-0.47 
-0.91 
-0.36 
-0.04 
-0.40 
-0.45 
-0.18 
-0.02 
+  0.06 
+  0.12 
+  0.07 
+  0.02 
+  0.05 
-0.16 
-0.15 
-0.16 
-0.19 
-0.20 
-0.20 
+  0.10 
+  0.07 
-0.03 
-0.08 
-0.21 
-0.27 
-0.22 
-0.24 
-0.11 
-0.22 
-0.18 
-0.18 
+  0.07 
+  0.05 
-0.21 
-0.18 
+  0.39 
+  0.09 

+  0.01 

-0.03 
-0.11 
-0.12 
+  0.16 
+  0.17 
+  0.77 
+  0.78 
+  0.13 
-0.08 
-0.08 
-0.37 
-0.39 
-0.40 
-  0.33 
-0.29 
-0.33 


k 

0.915 
0.903 
0.895 


0.861 
0.861 
0.853 
0.816 
0.838 
0.843 
0.839 
0.840 
0.835 
0.836 
0.826 
0.829 
0.828 
0.S28 
0.827 
0.826 
0.823 
0.823 
0.813 
0.815 
0.814 
O.S17 
0.700 
0.808 
0.S03 
0.799 
0.785 
0.800 
0.749 
0.733 
0.735 
0.742 
0.729 
0.731 
0.729 
0.733 
0.074 
0.673 


0.591 


0.559 
0.567 
0.551 
0.554 


**  Two  single  measures. 
t  Five  single  measures. 
ft  Three  single  measures. 


1 1 
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&.M.T. 

d 

d 

A  =  l 

V 

k 

G.M.T.        0—90° 

d 
Seeing       d              A  =  1           v              /,■ 

8. 1 1 

292°.3 

1   2 

20  996 

1 6.33 

0.55 

0.549 

o 

tfov.      1.17,     283.6 

1-2    45.614         17.11      +O.10     0.218 

8   17 

292.3 

1 

L'C :i7  1  c 

16.29 

0.59 

0.550 

4.17,     283.7 

1       46.452c       16.61      -0.27     0.197 

10.47 

292.1 

1    2 

22.099 

16.83 

-0.05 

1 1  55  1 

1.45     283.7 

1       16.467         16.61      -0.27     0.211 

L0.48 

292.1 

•  < 

22.097  c 

16.82 

-0.06 

0.540 

5.44     283.7 

2      49.726         17. is     +0.60     0.185 

11.51 

291.9 

1    2 

22.213 

16.75 

■  II.  13 

0.552 

5.45     283.7 

2       19.557  c       17.42     +0.54     0.195 

11.52 

291.9 

1    2 

22.197  e 

16.73 

-0.15 

0.552 

6.42     283.8 

2       18.892         16.92     +0.04     0.170 

12  11 

291.8 

1    2 

22.€17 

16.88 

0.00 

0.546 

6.43     283.8 

3      48.948c       16.93     +0.05     0.179 

12.43 

291.8 

1    2 

22.634c 

L6.89 

+  0.01 

0.7,  IS 

li'.  II     284.8 

1    1     7,1.107           17.01       4  0.10      0.116 

13.43 

291.7 

1   3 

22.918 

16.92 

+0.04 

0.537 

12.45     284.8 

1    1    54.174c       17.04     +0.16     0.116 

13.4  i 

291.7 

1    2 

22.869c 

16.88 

0.00 

0.539 

14.48     285.4 

1       55.703         17.01      +0.13     0.107 

1  1.52 

291.5 

2  3 

23.212 

16.95 

+  0.(17 

0.532 

14.48     285.4 

1       55.743c       17.02      +0.14     0.107 

1  1.54 

291  5 

23.202c 

16.94 

+  0.06 

0.531 

15.36     285.7 

1-2    56.406         16.99     +0.11     0.080 

17.44 

291.1 

1    2 

24.225 

17.13 

+  (1.1'.-) 

0.526 

15.37     285.7 

1       56.507  c       17.02     +0.14     0.OS0 

17.45 

291.1 

1-2 

24.088c 

17.03 

+  0.15 

0.529 

22.41     289.0 

1      60.552         10.77     -0.11     0.042 

18.44 

290.9 

1   3 

24.364 

17.03 

+  11.17, 

0.7,10 

22.42     289.0 

2      60.705         16.82     -0.06     0.041 

18.4  1 

290.9 

24  I05e 

17.06 

+  0.18 

0.511 

20.47 

290.5 

.", 

25.335 

17.31 

+  0.43 

0.506 

An   examination 

of  the   table   shows   that   there    is    no 

20  19 

290.5 

3 

25.387, 

17.34 

+  0.46 

0.503 

practical  difference 

between   the  measures   made  without 

21.52 

290.4 

1   3 

25.274 

17.(17 

+  0.19 

H  196 

the  glass  screen  and  those  made  with  it.     Our  examination 

21.52 
22.48 

290.4 
290.2 

o 
1-3 

25.220  c 
25.627 

17.03 

17.11 

+0.15 
+  0.23 

0.498 
0.495 

also  reveals  the  fact  that  a  number  of  the  measures  give 

22.49 

290.2 

•  , 

25.603c 

17.09 

+  0.21 

0.496 

very  large  residuals.     These  poor  measures  are    probably 

23.47 

290.0 

1-2 

25.580 

less 

0.00 

0.494 

the  result  of  a  number  of  causes,  not  the  least  of  which, 

23.47 

290.0 

l-l' 

25.56  1  c 

16.87 

-0.01 

0.494 

perhaps,  was  poor  judgement  in  setting  the  wires. 

25.47 

289.6 

2 

26.1  12 

16.84 

-0.04 

0.40.-, 

If  we  now  let  d0 

represent  the  diameter  obtained  from 

25.47 
26.50 

289.6 

289  1 

2 
2 

26.166  c 
26.697 

16.86 
16.99 

-0.02 
+0.11 

0.493 
0.4.84 

the  total  139  measures  we  obtain 

26.51 

289. 1 

2-3 

26.708  c 

17.0D 

+  D.12 

0.484 

<h 

=  16".885    ±0".017 

27.50 

289.2 

1-2 

26.906 

16.92 

+  (i.  ill 

0.479 

If  we  apply  to  th 

sse  139  measures  Peikce's  Criterion  we 

27.51 
28.51 

289  2 
289.0 

2-3 
3 

26.821  c 
27.240 

16.87 
16.92 

-0.01 
+0.04 

0.482 
0.473 

find  that  the  measure  for   .May  10  is  tn  lie   rejected.     The 

28.52 

289.0 

3 

27.280  c 

16.95 

+  0.07 

0.17:; 

remaining  138  measures  give  the  diameter 

30.53 

288  6 

3 

28.016 

16.97 

+0.09 

o.l  19 

* 

,  =  16".891    ±0".017 

30.54 

288.6 

2-3 

28.053  c 

16.99 

+  0.11 

0. 150 

Oct.        1.49 

287.7 

2 

30.698 

17.66 

+  0.7S 

0.414 

We  now  reject  all  measures  rnacte  witn  a  power  oi  11!4, 

1.50 

287.7 

2 

30.732  c 

17.68 

+  0.80 

0.413 

and  separate  those  remaining  into  two  groups,  one  contain- 

5.54 

287.5 

•  < 

30.830 

17.49 

+0.61 

0.413 

ing  7  1  measures  —  one  for  each  day  of  observation  — made 

5.5 1 

287.5 

2 

30.787  c 

17.1/; 

+  0.58 

0.412 

with  a   power  of  165  and  the  diaphragm  alone,  the  other 

9.53 

286.7 

2 

31.736 

L7.03 

+  0.15 

0.402 

containing  59  measures  made  on  58  different  davs  with  a 

9  53 

1  111 

286.7 
285.7 

1-2 

31.773c 
33.970 

17.H7, 
16.99 

+  0.17 

+  0.11 

0.402 
0.391 

power  of  165  and 

The  diaphragm   and   glass  screen    com- 

1  1    17. 

285.7 

■> 

34.009  c 

17.nl 

+  0.13 

0.384 

bined.     The  74  measures  of  the  first  group  \  ield  a  diameter 

1  1.7,1 

285.7 

•  - 

35.002a 

17.49 

+  0.01 

d 

=  16".85   ±0".026 

1  1.52 
17.37 

285.7 
285  1 

•  » 

1 

34.7  16  <"' 
35.430 

17.36 
16.96 

+  0.1S 

+0.08 

0.354 

App lying    l'i:n;i  i 

0 

's  Criterion  we  find  that  no  measures 

17.38 

285.1 

•  > 

35.460  c 

16.97 

+  0.09 

0.353 

are  to  be  rejected. 

The  59  measures  of  the  second  group 

17.49 

285.1 

o 

35.4  15  a 

16.94 

+  0.00 

0.355 

yield  a  diameter 

17.50 

285.1 

2 

35  1  16  ac 

16.94 

+  1100 

0.355 

d 

,    =  16".92    ±0"-022 

21.4  8 

284.5 

•  < 

36  885a 

16.57 

-0.31 

0.330 

■o 

21.48 

284.5 

2 

36.897  ac 

16.59 

-   0.29 

0.328 

Applying  the  Cr 

terion  to  this  group  we  find  that  the 

21.51 

284.5 

2 

37.843 

17.00 

+  0.12 

0.323 

Mica  uics  lor  Aug.  26,  Oct.  1  and  Sept.  8  are  to  be  rejected. 

21.52 

284  7, 

2 

37.792  c 

16.99 

-f  oil 

0.322 

The  remaining  56  measures  give  a  diameter 

23.52 
23.52 

284.2 
284.2 

U2 

1    2 

39.1 18 
39.050  c 

17.03 
17.00 

+0.15 
1-0.12 

0.309 
0.310 

d 

,   =  10".  00   ±0".016 

■o 

26. 1 1 

284.0 

2 

11.383 

17.17 

t  0.29 

0.285 

These   different    determinations   would     seem    to   indicate 

26  15 

28  1  1 1 

2 

11.:;  17,, 

17.17, 

+0.27 

0.285 

thai   the  diameter  of  the  planet  cannot   be  much  different 

27.46 

283.9 

1    2 

11.7,7,1 

16.96 

+  0.0S 

0.276 

from  16".9. 

27.47 

283.9 

1-2 

H.572c 

16.96 

+  0.1  IS 

0.275 

29.45 

2 

12.442 

16  76 

-  0.12 

0.248 

Examining  again 

the  residuals  in  the  table  we  discover 

29.45 

283.8 

■  • 

12.589c 

16.82 

-0.06 

0.247 

thai  i  in",  possess  a 

icculiar  character]  itic,  namely,  the  first 

1.17. 

283.6 

1    2 

15.652  c 

17.15 

+  o.L'7 

0.218 

residua]  -  are  aearlj 

all   negal  ive.  while    the    last    arc  1 1 1  -:j  i  T\ 
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all  positive.  If  we  divide  them  into  three  groups  we  shall 
find  that  of  the  first  forty7six  13  are  positive  and  33  nega- 
tive ;  of  the  second  forty-six  23  are  positive,  20  negative 
and  3  zero ;  of  the  last  forty -seven  38  are  positive  and  9 
negative.  The  apparent  diameter  of  the  planet  must,  then, 
have  undergone  a  peculiar  variation  from  first  to  last. 

In  order  to  show  up  the  nature  of  this  variation  we 
divide  the  139  measures  into  seven  groups  of  twenty 
measures  each,  except  the  last,  which  contains  but  nineteen. 
These  seven  groups  yield  the  seven  following  diameters  : 

16".63.  16".75,  16".91,  16".82,  17".08,  17".03   and   16".97. 

We  take  also  the  74  measures  made  with  a  power  of  165, 
and  the  diaphragm  alone,  and  divide  them  into  seven 
groups,  the  first  six  containing  ten  measures  each,  and  the 
last  fourteen.  These  seven  groups  yield  the  following 
diameters  : 


16".59,  16".G3,  16".S2,  16".81,  17".O0,  17".07  and  16".99. 

These  groups  of  diameters  show  conclusively  that  the 
apparent  diameter  of  the  planet  steadily  increased  up  to  a 
certain  point,  and  then  as  steadily  decreased.  The  varia- 
tion is  now  clear  enough,  but  how  shall  we  go  about  dis- 
covering its  causes?  There  lies  the  difficulty.  It  seems 
reasonable  to  assume  that  this  variation  is  due  to  a  combi- 
nation of  causes,  such  as  the  size,  form  and  brilliancy  of 
the  planet's  disk.  We  have  good  reason,  I  think,  for 
assuming  that  irradiation  plays  no  unimportant  role  in 
this  matter,  when  we  notice  that  the  apparent  diameter  of 
the  planet  reached  its  maximum  value  in  the  latter  part  of 
October,  and  that  the  planet  attained  its  greatest  brilliancy 
on  the  twenty-sixth  of  the  same  month.  It  is  a  rather 
remarkable  coincidence,  to  say  the  least. 

Bamboo,  Wis.,  1901  July  13. 


SECULAR  PERTURBATIONS  OF  THE  EARTHFROM  THE  ACTION  OF  JUPITER, 

By  ERIC  DOOL1TTLE. 

The  elements  employed  in  this  computation  were  from 


Dr.  G.W.Hill's  "New   Theory  of  Jupiter  and  Saturn." 
pp.  19,  192,  554  and  558. 


log 


The  Earth. 

100°  21  39J3 
0     0     0.00 

0.01677114 

[295977".416 

0.0000000 


Q,'  = 


log  a'    = 


Jupiter. 

1 1°  54  3l".C7 
1  18  42.10 
98  56  19.79 
0.04825511 
109256".62552 
0.7162374 
i 

TTJJT.BTTi 


Epoch  1850.0  G.M.T. 

As  in  previous  cases,  the  work  has  been  duplicated  from 
the  beginning,  and  all  known  test  equations  have  been 
applied.*  The  orbit  of  the  Earth  was  divided  into  twelve 
parts  with  regard  to  the  eccentric  anomaly,  but  the  agree- 
ment of  the  final  sums  used  in  obtaining  the  differential 
coefficients  indicates  that  a  division  of  the  orbit  into  eight 
parts  only  would  probably  have  been  sufficient. 

The  constants  of  the  orbit  were  found  to  have  the 
values, 


I  =       1   18    12.10 

log  k 

=    #9.9998865 

77  =        1    25  19.94 

log  k> 

=    #9.9999998 

77'  =   272  58  11.88 

log  e 

=    #8.7995614 

K  =     88  27  5.264 

c 

=    +0.063032044 

7v"'=     88  27  10.859 

The  equation,  sin  q  .  4---i;*'  +  cosqp.  B\f  =  0,  was  found 
to  give  the  residual  -0.000,000,000,0093.  When  m>  was 
left  indefinite,  the  resulting  values  of  the  differential  co- 
efficients were  the  following: 

*  In  the  duplication,  addition  and  subtraction  tables  of  logarithms 

were  used.  The  following  error  occurs  in  Zech's  "  Tafeln  di  I  Ad- 
ditions-und  Subtractions-Logarithm*  n."  second  edition,  p.  790  : 
560X.6  should  be  330.0  instead  of  326.0. 


T— 1  = 

±1  =  fix]   = 

dt  Joo      L  dt  Joo 

L~*  Joo  = 


-It  Jo, 

1—1 


85.760340  m> 


+  7298.7450 


26.316855  m> 


-   168.14734 


-9631.7202 


log  coeff . 
7(1.933  2865 

#3.863  2482 

ral.420  2340 

»2.225  6900 

/(3.9S3  703S 


When  finally  the  mass  of  Jupiter  given  above  was  adopted, 
<'»'  =  1 -+1047.879),  the  following  values  were  obtained 
for  the  secular  variations  : 


L  *  Joo    L 


del  _ 
~dTJoo~ 

dt 

dt 

dt  Joo 
'dLl  _ 
~dt  Joo" 

The  values  found  by  LeVerkier  are  stated  in  the 
Annates  de  V Observatoire  de  Paris,  Tome  II,  p.  59,  and 
Tome  IV,  pp.  11  and  12;  those  of  Newcomb  are  given  on 
pages  336  and  377  of  the  "Secular  Variations  of  the  Four 
Tnm  r  Planets,"  while  the  values  of 


0.081841849 


=    +    6.965  2565 


=    -   0.025114405 


-  0.160  16446 


9.191  03.-:6 


1  Joo  L  '^ 


L6 
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have  beeD  computed  bj  Dr.  Hill  in  the  --A'./r  '/'/,■ 

s  ."  pp.  ">1 1  ami  512.     If  all  these  results 


;im'  reduced  t"  tin-  above  value  of  //*'.  they  will  compare  as 

follows  : 


1   1  \  EERIER 

\i:wi  OMB 

Bill 

.Method  of 

Gai  ss 

fflo= 

-0.08182 

-0.0818418* 

[£>  ™' 

+0.11677 

■f  0.1168153 

f*l  =   -0.02501 

L  dt  Jm 

-0.02511 

-0.0251149 

-0.0251144 

ral    =    -0.16041 

-0.H1047 

-0.1604628 

-0.1604645 

r^l    =    -9.1916 

-9.191634 

lit  J 


*  Tin-  results  of  Newcomb  were   computed   to  one  more  figure 

than  was   published,  in  order  to   insure  the  accuracy  of   the  final 

as  here  given,     It  is  probable  that  this  rather  large  difference 

arises  fr terms  neglected  in  the  series  employed  by  LkVeerike 

and  NEWCOMB,  since  their  results  agree  so  exactly.     The  method 

of  Gais>  gives  the  following  values  for 

tin-  Earth  is  divided  into  but  six  parts  : 


EL* 


hen  the  orbit  of 


From  the  six  even  points  of  division,  — 0".0S1SJ28 
From  the  six  odd  points  of  division,     — 0".0818409 

The  final  value  from  twelve  points  of  division  is  of  course  the 
mean  of  these  two.  and  is  theoretically  correct  to  terms  of  the 
eleventh  order  in  e  and  sin  I. 


Tin    Flower  Observatory,   1901  July  2:!. 


ANNorXCHMEXT  AS    TO    THE    PUBLICATION   OF   A   NEW   CATALOGUE    OF 

VARIABLE    STABS. 


The  Council  of  the  Astronomische  Gesellscha ft  has  under- 
takes the  preparation  of  a  new  Catalogue  of  Variable  Stars 
and  has  delegated  to  the  undersigned  Committee  the  conduct 
work.     The  Committee  request  observers  of  variable 
sonsiderable  unprinted  series  of  observa- 
tions, which  would  Ke  useful  in  the  correction  of  elements, 
tu  publish  them  soon  or  to  communicate  them  to  the 
membei  '  ommittee   in  charge  (Prof.  <l.  Mtjller," 

itorj  i. 


The  Committee  also  announces  that  it  will  from  the 
presenl  time  undertake  the  definitive  notation  of  newly 
discovered  variables  as  soon  as  their  light-fluctuations  are 
certainly  ascertained.  A  list  will  shortly  he  published  of 
the  names  of  variables  found  in  recent  years  which  have 
heretofore  remained  unnamed. 

The  Committee  on  Publication  of  a 

Catalogue  of  Variable  Stars  : 
Dunek,   Haetwig,    Miller,  Oudemans. 


CONTEXTS. 
Douuu  -Si  m:  Measi  ki  -.  by  \V.  A.  Cogshall. 
Observations  oi   Sunspots,   bi    R.   E.   Bruce   \m>  I..  K.  Crou<  n. 
Orbit  oi   2  3062,  bi   Josnt  \   Larson. 
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ur  Perturb  itions  oi    mm.  Earth  from  the  Action  of  Jupiter,  bi   Eric  Doolittle. 
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OBSERVATIONS   OF   EROS, 

MADE    AT    THE    CHAMBKRLIN   OBSERVATORY,    UNIVERSITY    PARK,    COLORADO, 

By  CHARLES   J.   LING. 


The  following  observations  of  Eros  were  made  with  the 
Bruce  Micrometer  on  the  twenty -inch  equatorial.  The 
magnifying  power  was  two  hundred.     The  right-ascension 


observations  are  chronographie.  and  the  declination-bisec- 
tions were  made  while  the  object  was  drifting  through  the 
field. 
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35  18.24 

35  18.01 

28  18.25 

28  17.74 

1  27  42.63 

1  27  15.14 

1  27   1  1.34 

27  10.38 

27  10.86 

28  8.23 
28  8.61 
28  47.50 
28    18.29 

1  20  31.73 
1  29  33.56 
1  31  20.33 
1  31  20.66 
1  32  22.0(5 
1  32  22.46 
1  34  48.19 
1  34  4s.so 
1  36     0.74 

1  36   10.34 

2  7  34.02 
2     7  36.35 

2  6  37.00 

2  28  41,10 

2  41  57.80 

2  48  27.39 

2  48  28.61 


+  54  20  32.2 
54  15  25.7 
54  15  23.0 
54  11  45.6 
54  11  43.1 
54  6  3S.0 
53  26  38.8 
53  20  30.3 
53  15  34.1 
53  15  30.5 
52  51  0.7 
52  50  52.0 
50  59  46.4 
50  59  35.0 
50  40  36.6 
50  21  12.7 
50  20  54.0 
47  52  49.1 
47  52  32.3 
47  6  34.8 

43  6  15.0 
46  42  39.7 
46  42  28.3 
46  19  17.3 
46  18  43.1 
15  30  53.5 
45  30  39.1 
45  7  1 .5 
45  6  50.6 

44  16  13.9 
44  16  20.7 
43  51  26.5 
43  51  10.6 
38  18  15.1 
38  17  57.6 


rc.9.576 
«9.109 

nS.765 
h.9.783 
rc9.738 
n9M2 
n9.713 
n9M2 

,,0.050 
m9.626 
>,o.o;;o 
rc9.601 
n9.606 
»9.550 
»i9.494 
„o.:;7o 
«9.234 
,,o..",ss 
,/0.:;oi 
»o.::o<; 
n9.n0 
»9.136 
„sooo 
?i9.314 

,,0.0  10 

rc9.276 

„0.17."> 
n9.465 
«9.429 
«8.262 
»8.403 
»9.137 
„s.ooo 
»9.333 

,,0,'JOO 


2 

51 

44.06 

•> 

51 

46.12 

0 

55 

6.57 

3 

5 

19.79 

3 

5 

21.58 

3 

37 

20.51 

3 

37 

22.02 

3 

55 

43.97 

3 

55 

45.84 

3 

59 

25.46 

;; 

59 

27.04 

4 

25 

34.71 

4 

25 

36.74 

4 

36 

38.59 

4 

36 

1 1 .22 

9 

17 

2.93 

11 

1 

13.18 

11 

12 

51.44 

11 

12 

52.91 

,,0.101 

reO.335 
n0.347 
»9.152 
n9.794 
nO.035 
^9.824 
„o.oOO 
,,0.007 
,,0.007 
rcO.029 
rc0.079 
«9.926 
rc0.027 
,,0.071 
,,o.i:;;> 

,,0.177 
„0.07l 
ft0.022 

,,0.000 
,,0.070 

,,0.090 
,,0.020 
,,0.00'J 

9.988 
h.9.853 

„o.soo 

,,0.524 
,,0.02:; 
„o.so5 
„o.si;:; 

,,0.740 

,,0.785 

9.690 

0.013 


-0.07   +27..-. 
6.93      28.1 


35  27  14.2 
33  58  21.0 
32  16  55.9 
31  25  18.5 
31  24  47.5 
30  59  tl.3 
30  59  28.2 
30  34  6.5 
29  18  14.1 
29  18  2.4 
25  35  12.0 
25  35  1.7 
23  34  10.3 
23  33  56.0 
23  10  23.3 
23  10  11.2 
20  25  51.5 
20  25  40.3 
19  18  -'0.0 
+  19  18  16.9 
_  3  12  I  I" 
10  9  45.1 
10  53  59.6 
-10  54     5.0 


»9.228 
9.631 
0.414 
9.422 
9.454 
0.402 
9.263 
0.405 
9.484 
9.513 
9.470 
9.485 
9.471 
9.503 
9.452 
9.482 
0.401 
9.519 
9.308 
9.382 
9.51  1 
0.7.72 
9.601 
9.613 


k.9.906 
0.359 
0.193 
0.231 
0.252 
0.237 
0.263 
0.289 
0.340 
0.360 
0.427 
0.434 
0.470 
0.4S4 
0.471 
0.482 
0.534 
0.545 
0.507 
0.518 
0.767 
0.792 
0.787 
0.7s  1 


0.00 
6.95 
0.00 
0.S7 
6.68 
0.70 
6.02 
0.07 
6.50 
6.57 
6.14 
6.06 
0.24 
6.14 
O.oo 
5.96 
5.99 
5.83 
5.82 
5.80 
5.SS 

5.85 
5.75 

5.70 
5.  SO 
5.70 
5.7S 
5.00 
5.00 
5.64 
5.05 
5.67 
5.68 

1.89 
1.93 
1.95 
1.95 
1.96 
1.95 
1.94 
1.95 
1.95 
1.94 
1.94 
1 .97 
1.95 
1.05 
1.93 
1.97 
1.0  1 

1.92 
1.96 
1.96 
1.88 

2.05 

•_'. os 

+  2.07 


28.5 

27.0 

27.8 

29.5 

30.9 

30.6 

31.5 

30.9 

32.3 

31.7 

31.5 

32.3 

33.8 

34.3 

34.8 

34.6 

34.4 

35.2 

35.3 

34.7 

34.7 

34.6 

35.3 

34.4 

34.1 

34.7 

34.1 

34.4 

34.4 

34.3 

34.2 

29.8 

29.8 

12.5 

11.0 

9.2 


8.5 

8.7 

8.3 

7.4 

7.4 

4.2 

4.0 

2.6 

2.6 

2.3 

+   1.9 

-   0.5 

0.4 

1.6 

1.7 

19.4 

19.9 

20.0 

-20.1 
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M'ltu   Places  of  Comparison- Stars  for  tic   beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

•  )"    7' 

1    5  28  25.2 

Leipsic  11.  AC.  34 

60 

b      m      s 
2  40   36.19 

+  48°  39  13.9 

Bonn  A.G.  2367 

2 

i)     7  39.80 

5  37   1  1.1 

"             »     36 

61 

2   40    13.07, 

48    10  20.1 

«              1-363 

3 

ii  34  27.75 

in  58  58.8 

Glasgow  1 7  1 

62 

2  39   32.51 

49  13  53.2 

"           2349 

4 

(i  38     1.50 

1 1     9   15.6 

Gfittingen  213 

63 

2    11     11.36 

49     6  50.6 

"           2434 

5 

u  38   12.16 

11     2  7,7.n 

Munich  392 

64 

2   38    19.17, 

50  11   10.9 

"             23  12 

6 

ii  -11    18.30 

11   25    14.6 

Yarnall  389 

65 

2   39   29.32 

50  11  45.7 

2348 

7 

0  38  39.10 

11  40  50.3 

Gottingen  217 

66 

2  41  35.77 

50  28  43.6 

Camb.(Mass.)A.G.  1286 

S 

0  40  51.01 

11  33  38.2 

«        232 

67 

2  41     8.26 

7,0   38     0.0 

"      1282 

9 

ii   [;;  23.55 

1 1   36  56.6 

<<          249 

68 

2  37  24.27 

50  47  58.0 

«      1253 

10 

n  7,l'     7.39 

11  53  21.1 

Cincinnati  (13)  124 

69 

2  40  31.10 

51     1   12.5 

"      1272 

11 

ii   17,   12.24 

12    in     7,. 7 

Schjellerup  290 

70 

2  29  15.68 

52     2  5S.7 

"           «         "      1201 

12 

0  50  54.22 

13  24  36.3 

Cincinnati  ( 13)  119 

71 

2  30  19.35 

51  40  45.0 

«       1207 

13 

0   17,  58.52 

13  32  31.7 

Munich  167 

72 

2  33  23.79 

52   22   21.2 

"      1227 

14 

0  7,7   18.20 

13    12  7,1.1 

Cincinnati  1 1-",)  137 

73 

2  27    lo. ol 

51'   11    40.0 

»          "         »      1189 

15 

ii  59    18.49 

1  1    24   29.1 

(13)  143 

74 

2  30  52.54 

52  22  40.3 

"          «         "      1208 

L6 

0  58  49.79 

1  1    11    2S.1 

Yarnall  561 

75 

2  25     3.18 

52  23  27.4 

«      1177 

17 

1     0  39.18 

14  50  56.6 

Cincinnati  <  1.",  i  1  17, 

76 

2  22  52.66 

52  36,  52.0 

"         "      1156 

18 

1  32  32.95 

21  22    15.4 

Berlin (B)  A.G.499 

77 

2   23  7,0.37 

52  43  36.3 

"    1168 

19 

1  :::;  27.35 

21   2  1   36.3 

«      «     -,iil 

78 

2  27  23.02 

52  57  7,5.1 

"          "         "      1191 

20 

1  30  23.96 

21    11     0.8 

«         "       "     481 

79 

2  21   54.90 

53     5  36.7 

"          "         "      1150 

21 

1  32     8.78 

22     2  7,1.6 

'<       »     494 

SO 

2   20    1  1.86 

53     9  51.8 

»      1138 

22 

1  35   13.38 

21   57  46.S 

«      «     508 

81 

2  20  41.15 

53     7  40.4 

"      1137 

l'.-; 

1   32  29.06 

22   12  23.7 

«       "     497 

82 

2  1'.)  30.32 

53  40  26.S 

"      1127 

24 

1   .",7  36.27 

22  29  33.1 

«        «       «     7,15 

83 

2  19  35.07 

7,:;  42  15.9 

<<     1130 

25 

1    in     5.08 

22  33  25.7 

«        "       «     522 

84 

2  14  19.97 

54     3     3.1 

«          "         «      1092 

26 

1  39  12.4  7 

2:;  20  59.1 

«        «       «     519 

85 

2  14  47.47 

53  59  21.2 

"      1095 

27 

1  43   is.  15 

2:;  i".i  1  1.2 

«      «     537 

86 

2     8     4.98 

54     3  51.4 

"      1036 

28 

1  45  11.38 

21    46   7,1.1 

«        "      "     550 

87 

2     4  59.72 

54     4  47.6 

"      1012 

29 

1  51   13.52 

24  41   28.2 

"        "      »     580 

88 

2     8  50.42 

54  23  22.9 

"          "         "      1046 

30 

2     7,  20.07 

29   IT,      9.3 

Cambr.  (En?.)  A.G.  1163 

89 

2  10  18.76 

54  24  51.0 

"           '■          «       1056 

31 

2     1  59.03 

29  36  22.:: 

«          »         "      1161 

90 

2     7     1.60 

7,1    1':;   50.2 

"      1023 

32 

2  10  37.78 

l".i  2u  24.0 

«         "      1209 

91 

2     7  36.1-1 

51   25  44.2 

"          "         "      1030 

33 

2     7     9.91 

29  31    7,n.2 

"      1176 

92 

2      1  36.38 

54  27  35.4 

«          "         »      1007 

:;i 

2     6  34.18 

29  7,n    5.6 

"      1173 

93 

2     5     4.84 

54  29  46.S 

"          "         "      1013 

35 

2     5  20.74 

29  38  38.9 

"           «          "      1164 

94 

1  56  45.06 

5  1    12  44.2 

«         «        07,0 

36 

•_•     8  30.46 

30  15  29.1 

"          u        «      uss 

95 

1  55  17.01 

54  18  37.6 

936 

37 

2     7  20.39 

30     r,  21.4 

"      1178 

96 

1    7.0     8.36 

51   26  56.4 

970 

38 

2  -1   32.25 

31    21      9.6 

Washington  (2)  515 

97 

1    7,2  56.19 

7,1   20     9.5 

921 

39 

2  40    12.55 

11    17,  19.4 

Bonn  A.G.  2371 

98 

1  51   36.45 

54     7  11.9 

913 

lo 

2  39  29.70 

11   28    12.6 

2352 

99 

1  48  13.28 

54  14   ll.o 

880 

41 

2    12   12.88 

12    IS   7,1.6 

2395 

100 

1  55  20.48 

53  56  29.4 

937 

12 

2   11   21.19 

42  2'.'  28.3 

2383 

101 

1  55  38.19 

7,1     0  15.3 

"          »         "        941 

43 

2   1 1     6.75 

43  50   10.7 

"             212  1 

102 

1  44  7,:;.  17, 

5  1    25  45.0 

»         "        849 

11 

2    M  59.05 

13  51     9.8 

2376 

103 

1  41   35.30 

7,:;  i'.",  2  1.1 

810 

15 

2   17,   16.78 

ll  28  r,:;.^ 

21  Hi 

104 

1  42  52.84 

7,:;  22  36.6 

"          "         "        830 

16 

2    17,     6.69 

i  i  38   18.9 

«           2439 

105 

l  :;7  -:,.:,:< 

53,   20    12.0 

"          "         "        789 

17 

2    l  1  55.69 

17,  34  27.1 

Comp.  with  48  and  19* 

106 

l    12  22.13 

5.",   16,    17.6 

«           »          «         S25 

18 

2  44     0.44 

17,   1'7,   21.8 

BonnA.G.  2423 

107 

1   32  31.38 

52  43  49.1 

«           "          «         735 

19 

2    1  1      9.55 

17,  39  31.1 

«            2  127 

108 

1  37  :>s.^\ 

52  41     8.6 

a          «        u       794 

:,n 

2   12  55.11 

17,  59  10.7 

2409 

109 

1   .",0   7,1.51 

7,o    19  14.2 

718 

7.1 

2   11  59.97 

46  25  47.7 

«             2136 

110 

1   22  52.13 

51    lo      1.1' 

"          «         «        659 

52 

2  42  28.19 

16   is     6.6 

2398 

111 

1  30  44.63 

50  45     o.o 

717 

53 

2    17   16.57 

16     17,      S.il 

«           2463 

112 

1    26  22.78 

5o  18  34.6 

686 

7,1 

•_'    11    10.36 

17  37  33.0 

2387 

113 

1    21    7,1.10 

50  28  58.3 

«          "         «        646 

55 

2    11   I*''  15 

17    16   12.7 

2381 

114 

1   30  40.30 

47    18  1i:.l 

Bonn  A.G.1350 

56 

2   17,  50.81 

is     0  30.9 

«            2117 

115 

1  :;i   36.09 

47   54      7.1 

"          1366 

7,7 

2  4:;  53.29 

17  7,i-  31.4 

"             2  121 

1  10 

1   2  1    17. si 

17     3     6.7 

«            1277 

2    17,  31.1  1 

is   13     8.3 

<<            1 1  1 2 

117 

1   2  1     1.85 

Hi  7.0    16.3 

"          1264 

59 

2    16  32.27 

■1  36.5 

2  17,7, 

US 

1   29  59.21 

+46  36  10.0 

1339 
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* 

a 

8 

Authority 

* 

a 

8 

Authority 

119 

1  30  18.93 

+  4(1°  is 

54.3 

B A.G.  1344 

138 

2 

I'.i  54.23 

+  31°  lo    I7.L' 

W.B.  II.  1138  and  1139 

120 

1  31   12.76 

4G  26 

18.8 

1363 

139 

2 

54  16.99 

30  4:;  57.0 

W.B.  II.  1239  and  L240 

121 

1  24     6.06 

46  29 

27.5 

«          1266 

140 

3 

1    17.36 

29   17   10.7 

Cambr.(Eng.)A.G.  1593 

122 

1  33  32.77 

45  31 

52.7 

«          1406 

141 

3 

I     3.88 

29   17.  27.8 

"          "         "     1590 

123 

1  33  30.69 

45  22 

34.8 

"          1405 

142 

3 

:;i  58.59 

25  34  11.4 

"          "         "     1789 

124 

I  29  15.91 

45  19 

0.8 

»          1326 

143 

3 

39  43.96 

25  32  39.6 

"     1834 

125 

1  35  50.91 

45     4 

17.3 

1438 

1  1  1 

3 

52  42.56 

2:;  :;i  27.:; 

Berlin  (B)  A.G.  1274 

126 

1  32     5.15 

44   18 

30.6 

1380 

145 

3 

52  41.S7 

2:;  37  51.0 

"       «      1-7:; 

127 

1   34  45.28 

44  16 

30.1 

1421 

146 

3 

55  11.56 

2.-!   11   54.7 

»       »      1204 

128 

1  32     1.46 

44     0 

55.9 

1378 

117 

4 

2  29.93 

23     s     8.5 

"         "       "      1336 

129 

1  33  21.02 

43  52 

38.2 

1403 

MS 

4 

25    19.16 

20  34   11.9 

«         "        "      1452 

130 

2  10  38.69 

38  10 

6.6 

Weisse's  Bessel  II,  3 

149 

4 

22  52.39 

20   27   27.. 7 

"       «      1443 

131 

2  10  42.00 

38  12 

52.5 

»            "       II,  4 

150 

4 

38  42  38 

19  21   31.0 

Berlin  (A)  A.G.  1280 

132 

2     2  30.23 

35  23 

LM.r, 

Washington  2d  Cat.  158 

151 

4 

,",'.i  38.80 

+  19  lo  13.9 

«       •<      1284 

133 

2  26  54.04 

34     6 

18.8 

Glasgow  2d  Catal.  201 

152 

9 

20  31.64 

2  59  14.1 

Munich  Ann.  1.  4130 

134 

2    14  22.50 

32  26 

1  IS 

Weisse's  "Bessel  II.  1012 

153 

11 

1  33.31 

-  9  51   41.0 

6332 

135 

2  50  33.34 

31  33 

23.4 

«      11,1151 

154 

11 

11  38.23 

-10  50  27.4 

«          »         6515 

136 

2  51   16.67 

31  32 

9.7 

Washington2d  Cat.  607 

l ;,:, 

11 

lo  2  1. os 

-11     2  50.5 

"          "          6491 

137 

2  52     1.57 

+  31     7 

8.6 

Weisse's  Bessel  II.  1184 

iparison-Star,  No.  47,  is  No.  2435  of  the  A.G.  (Bonn)  Cata-  I  made  with  Xos.  48  ami  49.  The  comparisons  show  a  proper  motion 
On  account  of  discrepancies  in  the  position  of  Eros  where  of  Xo.  47  of  -|-0".053  in  R.A.  and  — 0".31  in  Deri.  See  A.J.  503, 
r  was  used  as  comparison-star,  micrometric  comparisons  were      p.  184. 


!  comparison-star,  micrometric  comparisons  were 


OX  THE  CORDOBA  DURCIIMUSTERUNG  AND   SOME   CONCLUSIONS  DERIVED 

FROM   IT. 


By  SIMON    NTEWCOMB. 


The  three  volumes  of  the  Cordoba  Durchmusterung  which 
have  thus  far  appeared  cover  the  zone  of  the  sky  between 
the  parallels  of  —22°  and  —52°.  Within  these  limits  are 
catalogued  the  positions  and  magnitudes  of  489,662  stars, 
a  larger  number  than  is  contained  in  the  catalogues  oi 
Akoelander  and  Schonfeld  combined.  If  the  work  is 
extended  to  the  pole  on  the  same  scale,  which  is  to  be 
hoped,  the  positions  of  some  250,000  stars  between  —52° 
and  the  south  pole  will  be  added.  If  the  whole  sky  were 
covered  on  the  same  scale,  the  number  of  stars  included 
would  be  about  2,400,000. 

Apart  from  the  great  and  permanent  scientific  value  of 
this  work,  the  interest  which  attaches  to  its  prosecution  at 
a  point  so  distant  from  the  world's  renters  of  astronomical 
activity,  and  under  difficulties  little  known  to  our  public. 
naturally  attracts  attention  to  it.  Through  the  courtesy 
of  Professor  Pickering  I  have  been  enabled  to  devote 
part  of  a  season  of  leisure  at  a  mountain  resori  to  a  care- 
ful examination  of  the  work,  the  results  of  which  ina\  no! 
be  entirely  devoid  of  interest.     I  shall  call  especial  atten- 


tion to  those  features  which  seem  to  suggest  an  improved 
method  in  its  prosecution,  with  the  hope  that  it  may  be 
thus  rendered  yet  more  valuable  to  the  astronomy  of  the 
future. 


I  begin  with  a  study  of  the  system  of  magnitudes.  The 
estimates  of  magnitude  arc  given  to  tenths  up  to  9*9,  after 
which,  with  unimportant  exceptions,  we  have  only  mag.  10, 
without  fractions.  In  this  the  observers  may  have  followed 
the  system  of  the  northern  work,  in  which  all  stars  at  the 
limit  are  classed  as  of  9M.5. 

The  first  feature  to  which  I  shall  invite  attention  is  the 
relative  number  of  estimates  of  each  individual  magnitude. 
To  show  this  I  have  made  a  count  of  several  strips  around 
or  near  the  south  galactic  pole  i  R.A.  o'1  lo,n  ;  Decl.  —27°). 
Five  zones  were  selected,  scattered  through  the  three 
volumes,  and  in  each  the  first  800  magnitudes  from  0'1  of 
R.A.  were  classified  as  to  their  value.  The  result  is  shown 
in  the  follow  ing  table  : 
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Table   I. 

Number  of  S                           \Iagnitude  in   Certain  Str\ 
the                    '  irchmusterung. 

Mag.  —  ::•_'■      —40°  —42  50  Sum 

To  5.9          2  3  3  I  0  12 

6.0  to  6.4           2  2  nil'  7 

6.5  to  7.0           1  3  I  5  ::  16 

7.0  tn  7  I          s  3  5  7  :;  26 

7.5  to  7.9         13  12  II  I  12 

8.0  2  5  7  3  I  i/l 

8.1  I  3  3  1  I  15 
1  11  2  4  9 

s  ;;           s  S  in  :;  3  32 

8.4  4  5  5  3  1  18 
6  L3  11  5  I  39 
6  11  2  I  5  28 

8.7         11  3  8  2  3  27 

11  7  3  8  5  34 

8.9         16  8  8  3  I  :s'.i 

9.0  19  26  27  II  9  95 

9.1  21  8  12  11  4  56 

9.2  31  9  6  16  6  68 

9.3  37  22  22  16  11  108 
9  l         30  29  11  19  18  110 

9.5  46  -".1  35  18  19  149 

9.6  46  7,l-  7,7  25  10  190 

9.7  72  07  53  27  28  247 
its  26  38  is  46  39  167 
9.9         80  88  Dl  61  63  383 

10.         207  343  381  192       537  2050 

In  estimates  of  this  class  observers  generally  show  a 
well-marked  bias,  entire  numbers  having  a  preference, 
.5's,  .3's  or  .7's  coming  nexl  in  order,  and  ,9's  and  .1  's  last  of 
all.  In  the  present  case  this  bias  is  much  less  marked  than 
usual,  though  evident  in  the  case  of  the  0's.  There  is.  how- 
bias  affi  cl  ing  not  gpecial  decimals  so 
much  as  special  magnitudes.  8".2  is  discriminated  againsl 
throughout,  and  9M.8  in  the  fii  ere  il  occurs 

not  half  so  often  as  9". 7.     The  progression  of  the  numbers 
to  show  a  paucity  of  estimates  from  8M.5  to  8M.9,  fol- 
lowed by  a  sudden  increase  at9*.0.     The  number  9". 9  shows 
a  marked  pn  ough  the  whole  series  of  zones, 

the  opposite  of  what  one    might   expert    when    we   have 
abo\  e  it  only  1 05*. 

Mosl   remarkabh  rettable  is  the  progressive  in- 

•    mentioned   class  as  the  work  goes  on, 

ding  one-half  the  whole  at  the  southern  limit.     Tins 

more  marked  in  i  hi  I       aosestrips 

of  the  .southernmost   /ones  which  fall  in  this  region,  say 

and  —51°,  i  ol   the  stars  are  as- 

:  ply,  while  li  one-third, 

little  :  one-fourth  in  fact,  have  other  magnitudes 

We  may  the  work  in  question  stops  at  some 

fairly  uniform  limit  of  magnitude.     But   the  deficit 

hi  makes  it  impossible  to  determine  what   that  limit 
is,  unless  from  extraneous  considerations. 


II. 

The  in'  i  tep  is  to  reduce  the  Cordoba  system  of  mag- 
nitudes to  the  photometric  scale.  This  is  besl  dene  by 
means  of  the  Southern  Harvard  Photometry  i  Annals,  HA  '.<>., 
Vol.  24).  Besides  the  magnitudes  of  all  the  lucid  stars  this 
work  gives  those  ol  the  fainter  stars  to  about  10K.0  in  cer- 
tain narrow  zones  of  declination  5°  apart.  I  have  com- 
pared these  magnitudes  with  those  of  some  480  stars  ol  the 
Cordoba  P.M..  Parts  1  and  II,  about.  Moo  stars  being  dis- 
tant from  the  galaxy,  and  180  in  the  galactic  region.  The 
mean  differences  were  taken  for  groups  of  three-tenths  of  a 
magnitude  each,  from  7M.0to9".9,  7".0,  7M  and  7M. 2  being 
combined  as  7M.l.  etc.  The  mean  results  are  shown  in 
Table  II  for  the  two  regions  separately:  P,  that  distant 
from  the  galaxy:  G,  that  in  or  near  it.  Here  columns  2' 
give  the  algebraic  sum  of  the  differences.  .Y  the  number  of 
stars  compared,  V  and  G  the  means  of  the  differences. 

The  two  regions  are  considered  separately  because  it  is 
known  that,  in  a  field  bright  with  stars,  the  observer  is  apt 
to  make  too  high  an  estimate  of  the  magnitudes  of  faint 
stars.  The  table  seems  to  show  that  the  effect,  is  small  in 
the  present  case  —  only  about  0".15. 

* 
Table  II. 

Mean  Excesses  of  the  Harvard  Phometric  Magnitudes  over 
those  of  the  Cordoba  DM.,  J  and  II.  for  Different  Values 
of  the  Cordoba  Magnitudes. 


Cord.  Non-galactic 
Mag.  regions 

2  V 

6.5  -   0.4  lit 

6.8  -  -1.1  11 

7.1  -   0.7  13 

7.4  +  5.7  31 
7.7  +  5.1  20 
8.0  +10.2  39 
8.3  +  9.3  30 
s.c,  +24.1  50 

8.9  +25.9  7.1 

9.2  +   7.9  17 

9.5  +   0.8  1 


Galactic 
regions 

2         N 


+  0.3  7 

-  (t.l  12 
+  0.8  10 

-  0.4  19 
+  3.0  15 
+  9.7  29 
+  17.0  40 
+■  7.4  25 
-I-  2.6  12 


Means 

p  a  g—P 

-.04 
-.10 

-.05  +.o4  +.09 

+  .1S  -.01  -.1!) 

+  .26  +.08  -.18 

4-. 26  -.02  -.28 

+  .31  +.20  _.1l 

+  .10  +.33  _.16 

+  .50  +.42  -.08 

+  .4  7  +..".0  -.17 

+  .20  +.22  +.02 


It  will  be  seen  that  the  numbers  progress  with  fair  regu- 
larity iiji  i"  mag.  9K.0,  after  which  there  is  a  falling  off,  both 
in  the  number  of  stars  compared  and  the  amount,  of  the  cor- 
rection.  The  cause  of  the  hitler  falling  off  is  this  :  — the 
group  of  Cordoba  stars  of  any  given  magnitude,  saj  9*.5, 
owing  to  the  unavoidable  errors  of  the  estimates,  really 
consists  of  Stars  ranging  through  a  certain  series  of  magni- 
tudes, say  from  9M.l  to  9H.9.  The  brighter  the  star  is,  the 
:.<■!;  it  is  to  be  included  in  the  Harvard  work,  which, 
nominally  stopping  at   about    U>M.4,  must   omit  man;    stars 

neat  i  his  limit,.     Hence  we  c pare  only  the  brighter  stars 

ol   each  Cordoba  class,  to  which  a  fainter  than  the  normal 
Cordoba    magnitude    has   been    assigned,  anil   thus    the   cor- 
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rection  comes  out  too  small.  I  therefore  regard  the 
corrections  as  unreal  beyond  9*.0,  and  proceed  by  the 
reverse  process,  taking  the  Harvard  magnitudes  as  the 
argument.  Since  all  the  Harvard  stars  are  contained  in 
the  C.DM.,  we  shall  thus  avoid  the  error  in  question.  The 
result  of  this  process  is  shown  in  Table  III,  which  is 
formed  and  arranged  on  the  same  plan  as  Table  II. 

Table  III. 
Excesses  of  the  Cordoba  over  the  Harvard  Magnitudes  in  the 
Galactic  Regions,  G,  and  the  Non-galactic  Regions,  P,for 
Harvard  Magnitudes  from  5M.6  to  10". 4. 


Harv. 

Non-galactic 

Galactic 

Mag. 

regions 

regions. 

Means 

2 

.V 

2 

N 

P 

G 

G—P 

Wt. 

5.6 

+ 

2  2 

11 

+ 

0.6 

1 

+  .20 

+  .60 

+  .40 

1 

5.9 

+ 

0.4 

o 

+ 

0.3 

1 

+  .20 

+  .30 

+  .10 

1 

6.2 

+ 

0.6 

3 

+ 

0.5 

1 

+  .20 

+  .50 

+  .30 

1 

6.5 

+ 

2.3 

15 

+ 

2.1 

4 

+  .15 

+  .52 

+  .37 

3 

6.8 

+ 

0.3 

8 

+ 

0.4 

3 

+  .04 

+  .13 

+  .09 

o 

7.1 

+ 

0.4 

9 

+ 

2.0 

6 

+  .04 

+  .33 

+  .29 

4 

7.4 

0.0 

12 

+ 

1.7 

8 

.00 

+  .21 

+  .21 

5 

7.7 

_ 

3.4 

25 

— 

0.7 

13 

-.14 

-.05 

+  .09 

9 

8.0 

_ 

2  7 

25 

— 

1.0 

8 

-.11 

-.12 

-.01 

6 

8.3 

— 

7.2 

26 

— 

1.7 

20 

-.28 

-.08 

+  .20 

11 

S.6 

— 

11.4 

33 

— 

1.5 

11 

-.34 

-.14 

+  .20 

8 

8.9 

— 

12.7 

32 

— 

2  7 

15 

-.40 

-.18 

+  .22 

10 

0.2 

— 

11.1 

30 

— 

8.7 

27 

—  .37 

-.32 

+  .05 

14 

9.5 

— 

17.8 

33 

— 

16.8 

40 

-.54 

-.42 

+  .12 

18 

9.8 

_ 

16.6 

22 

— 

10.0 

18 

—  .75 

-.56 

+  .19 

10 

10.1 

— 

6.9 

7 

— 

1.4 

2 

-.99 

-.70 

+  .29 

1 

10.4 

- 

0.8 

1 

- 

0.7 

1 

-.80 

-.70 

+  .10 

0 

Mean, 

G- 

P  = 

+  0M 

55. 

The  numbers  in  the  columns  "  Means :'  are,  it  will  be 
noted,  completely  independent  of  each  other,  each  depend- 
ing on  a  different  set  of  stars.  Their  regularity  seems  to 
show  that  little  would  be  gained  by  extending  the  com- 
parison to  more  stars  in  non-galactic  regions. 

It  is  clear,  however,  that  a  more  extended  reduction  of 
the  fainter  magnitudes  to  the  photometric  scale  is  required. 
To  do  this  in  the  simplest  way  it  is  necessary  to  select  a 
few  stars  marked  9M.9  and  10M,  from  Parts  I  and  II  (50  of 
each  would  be  enough),  and  determine  their  magnitudes 
with  the  photometer.  After  the  mean  correction  for 
9M.9  is  thus  determined,  the  correction  for  values  from  9M.0 
to  9M.9  can  readily  be  interpolated.  The  measures  of  stars 
noted  as  10M  will  show  over  what  part  of  the  photometric 
scale  these  stars  range. 

The  mean  sj'stematic  error  of  estimate  in  the  galactic 
regions,  —  0M.155,  seems  to  be  nearly  constant  through  the 
whole  series  of  values,  the  tendency  being,  possibly,  to 
diminish..  Dividing  the  series  into  three  divisions,  we 
have  the  following  separate  means: 


5.6  to     7.4 

9-P  = 

+  0.2". 

Wt.  17 

7.7  to     S.9 

+0.18 

44 

9.2  to  10.1 

+0.12 

13 

The  probable  error  for  Wt.  1  is  about  ±0M.2.  The  differ- 
ences from  the  mean  exceed  the  probable  errors  but  little, 
and  the  diminution  of  the  error  with  the  fainter  stars  is  the 
opposite  of  what  we  should  expect.  I  therefore  consider 
that  we  should  regard  the  error  as  having  the  constant 
value  0".15. 

It  must  be  remarked,  however,  that  the  stars  G  were 
selected  from  the  galactic  region  generally,  and  not,  as 
they  should  have  been,  from  the  denser  galactic  agglomera- 
tions. A.  comparison  with  the  latter  class  of  stars  must 
be  made  before  we  can  decide  upon  the  systematic  errors 
of  their  estimated  magnitudes.  But,  even  if  the  error 
should  come  out  twice  as  great  for  the  richest  regions,  it 
will  still,  I  believe,  be  below  the  corresponding  error  of  the 
Northern  DM. 

I  have  combined  the  P  and  G  corrections  after  correct- 
ing the  latter  by  —0.15,  with  results  shown  in  the  second 
column,  A,  of  the  following  table.  Then,  I  have  smoothed 
off  the  results  in  column  B,  and  applied  them  to  the  argu- 
ments, so  as  to  show  the  mean  Cordoba  magnitude  cor- 
responding to  individual  values  of  the  Harvard  magnitude. 

Table  IV. 

Reduction  of  the   Harvard  to  the  Cordoba  Magnitudes  for 

Different    Values  of  the  Former. 


Harv. 

Reduction 

Cord. 

Mag. 

j 

1 

B 

Mag. 

5.6 

+  0.22 

+  0.21' 

5.82 

5.9 

+ 

.20 

+ 

.23 

6.13 

6.2 

+ 

.25 

+ 

.21 

0.41 

6.5 

+ 

.20 

+ 

.18 

COS 

6.8 

+ 

.03 

+ 

.12 

6.9L' 

7.1 

+ 

.10 

+ 

.04 

7.1  1 

7.4 

+ 

.02 

— 

.01 

7.39 

7.7 

_ 

.16 

— 

.10 

7.00 

8.0 

_ 

.15 

— 

.19 

7, SI 

8.3 

_ 

.26 

— 

.25 

8.05 

8.6 

_ 

.33 

— 

.32 

8.28 

8.9 

_ 

..'!  i 

— 

.38 

8.52 

9.2 

_ 

.42 

— 

.46 

8.71 

9.5 

_ 

.56 

— 

.58 

8.92 

9.8 

_ 

.73 

_ 

.70 

9.10 

10.1 

_ 

.96 

— 

.82 

9.28 

10.1 

-0.80 

-0.94 

9.46 

Most   remarkable   is  the  great   and    rapidly   incre 
difference  between  the  two  scales  from  9*0  upwards,  which 
is  rendered  yet  more  remarkable  by  the  fact  that,  up  to 
9«.0,  the  Cordoba  scale  seems  to  be  nearly  identical  with 

iln-  ol    Ikgelander.      Yet    the  results  to  which  thee 

parison  leads  us  are,  as  we  shall  see,  both  plausible  and 
self-consistent. 
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The  comparison  as  I  have  given  ii  does  not  enable  us  to 
determine   separately  the  pari    of   the    photometric  scale 

ides  is  to 
be  considered  as  extending.     Bui  a    moothed-ofl   re 

derived  from  Table  IV.     For  example,  the  range  of 
-    5  is  thai  pari   of  thi    I  [an  ard  scale  lying 
i   i      3ponding  to  the  values  8.45  and  8.55 
of  thi   i  .  inelj  8.81  and  8.9  I 

I  i  on  of  the  individual  tenths  can  be  more 

the  comparison  can  be  can  ied 
.  ier  raagnil . 

III. 
I  have  been  careful  to  confine  the  preceding  discussion 
of  the  Cordoba  magnitudes  to  the  first   two  volumes  of  the 
Durchmusteruntf,  extending  from   —22°  to    —42°,  for  the 
follow  I  ■■  :       I     reduction  to  Part  III,  Thome 

gives  a  comparison  of  its  ma  ith    those  of  the 

Harvard  photometry,  published  foui  years  before,  showing 
irfecl  agreement,  the  mean  systematic  deviation 
le  length  of  the    cale  being  only  ±0M.05. 
reemenl  by  an  independent  compari- 
to  the  two  works,  which  brings  out 
fad   thai  the  deviations  of  the  indi- 
vidual values  from  the  Harvard  work  arc  much    smaller 
than   I  ons   from  the  corrected   means  in  Vols.  I 

and  II.     Omitting  three  stars  of  the  U.A.  and  one  doubt- 
e,  we  have  left  80  comparisons,  with  the  following 


1  Difference  (C.-H.)  of 


21 

32 

9 

3 

1 


-0.8 
-0.3 
-0.2 
-0.1 
0.0 
+  (M 
+  0.2 
+  0.3 


Total      80 


Mean      ±0.10 


Chi     mean  deviation  is  just  half   the    mean   accidental 

comparisons  already  given  of  Parts  I  and 

II  with  the  Harvard  work,  which   is    ±0M.20.     Then    is 

iystein   in  passing  from 
no  one  bu1   the  author  can  e 
plain,  and  which  seem-  :  a  detailed  statement  of 

iy  in  which  the  magnitudes  of  Pari  111  were  derived. 
Whatever  the  explanation  maj  1"'  ii  is  ool  clear  that  we  have 
d  Pari  1 1 1  than  in  Parts  I  and 
[I,  and  ested  «  hel  her,  in  the  prepara- 

tion  ill  n   ist  hope  to  see 
speedily  completed,  a  return  to  the  fori  qoI 

to  be  de 


IV. 
One  of  the  important  results  to  be  derived  from  such  a 
work  as  the  one  under  examination  is  not  onlj  a  knowledge 
of  the  richness  of  the  various  regions  of  the  sky  in  itars, 
but  their  richness  in  light  emanating  from  these  stars. 
This  depends  on  the  ratio  of  progression  in  the  numbers  of 
stars,  as  tin'  count  is  extended  to  fainter  magnitudes.  The 
value  "t  this  ratio  is.  for  the  brighter  magnitudes,  between 
3  and  4.  It  is  different  for  different  parts  of  the  sky.  and 
i  Si  i  oiger  has  shown,  exceptionally  large  for  the  agglom- 
erations of  the  Milky  Way.  It,  must  ultimately  diminish 
with  the  fainter  magnitudes,  so  as  to  fall  below  2.5,  else 
the  totality  of  star-light  would  have  no  limit.  Vet,  for  the 
sky  in  general,  and  for  each  region  of  the  sky  outside  star- 
clusters  and  the  galactic  masses,  the  researches  of  Seeligeb 
seem  to  show  that  it  varies  hut  slowly  as  we  ascend  in  the 
scale  of  magnitudes. 

It  follows  that  if  we  put  Ra  for  the  richness  of  the  sky. 
or  any  region  of  it,  up  to  magnitude  m,  understanding  by 
the  term  richness  the  number  of  stars  in  some  unit  of  sky- 
surface,  say  1°  square;  and  if  we  express  that  quantity  in 
the  form 

BK  =  hp» 

we  may  choose  //  and  p  so  that  they  shall  vary  but  little 
with  m  through  a  wide  range  of  the  fainter  magnitudes, 
and  shall  accurately  represent  the  true  richness  for  two 
magnitudes  chosen  at  pleasure.  Moreover,  if  we  put  h'  for 
another  constant,  approximately  equal  to  h  log  p,  and  call 
rM  the  richness  in  stars  between  the  close  limits  m  and 
M  +  z/m,  we  may  express  this  quantity  in  the  form 

ra  =  A'  pM.  /m 

It  must  be  understood  that  the  values  of  h,  h1  and  p  will 
vary  with  the  adopted  light-scale.  Taking  any  one  scale, 
the  method  of  proceeding  will  be  this  : 

I 'nt  r0  for  the  richness  in  stars  of  magnitude  m  ;  /■„  for 
that  in  stars  of  magnitude  m  +  n.  We  shall  then  have 
the  two  equations 

h1  p"     z/m    =    r0 
h'pM+".hi    =    r" 

from  the  quotient  of  which  we  find 

n  log  p  =  log  rn —  log  r0 

which  gives  us  the  value  of  p  for  the  special  light-scale  of 
tin  catalogue  used.  The  value  of  A' for  any  small  value  of 
/m.  say  0.1,  can  then  be  formed  from  either  equation. 

If  we  now  take  a  fresh  light-scale,  such  that  the  differ- 
ence of  magnitude  n  in  the  one  scale  is  expressed  by  (1+«)»j 
in  the  other  scale,  we  shall  have  a  different  value  of  p,  say 
p',  which  will  be  given  by  the  equation 

log  p   =  rf-e 

This  method  may  be  illustrated   by  some  counts  i  1    stars 
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from  the  C.DM.  I  took  a  number  of  strips  lying  within 
30°  of  the  galactic  pole,  and  counted  the  magnitudes  with- 
in them,  extending  the  count  to  a  large]1  area  for  the  brighter 
magnitudes,  so  as  to  get  a  number  of  stars  large  enough  to 
form  a  good  basis  for  the  series. 

The  following  are  some  details  of  the  count.  That 
already  given  for  the  magnitudes  in  zones  —23°,  —  32°,  and 
—  40°,  was  taken  so  far  as  it  goes.  It  was  supplemented 
by  a  count  of  certain  strips  in  zones  —24°  and  —25°  for 
all  the  magnitudes  ;  then  by  additional  strips  for  magni- 
tudes 7".0  to  SM.9,  and  yet  additional  ones  for  magnitudes 
7M.0  to  7". 9  only.  The  abnormally  small  number  of  the 
latter  led  to  a  recount  and  extension  for  magnitudes  6M.0 
to  7M.9.  The  following  is  a  conspectus  of  the  strips  and 
trapezia  counted  with  the  areas  and  the  numbers  of  stars. 
Under  mag.  7M.0  .  .  we  put  the  stars  from  7".0  to  7M.4,  etc. 

A.     For  Magnitudes  to  9.9. 


Zone 

O1'  R.A.  to 

7.0.. 

7.5.. 

s.o. . 

s.5  .  . 

9.0  .  . 

9.5  . . 

-23 

2     4.3 

8 

13 

19 

50 

138 

L'7<> 

-24 

2  11.(5 

5 

8 

30 

44 

157 

427 

-25 

0  34.1 

o 

3 

11 

13 

53 

in.", 

-32 

2     2.0 

3 

12 

22 

42 

94 

276 

-40 

3     0.3 

5 

14 

26 

32 

SI 

254 

Total  Number   23         50       108       181         523       1330 
Areas  :  2S°.6  +  30°.l  +  7°.7  +  25°.8  +  34°.2  =  126°.4. 
B.     For  Magnitudes  8.0  to  8.9  Inclusive. 


I.     Zone  -20 

II 

A.     n  to  1   17          Area 

17.2 

II.         »      -27 

' 

0  to  1  31             " 

20.2 

III.        "     -28 

' 

0  to  2     0 

26.4 

IV.        "     -33 

< 

23  to  1  30            " 

31.2 

V.     Trap. -23 

.  " 

23^ 

to   -                          « 
24^ 

to 

80.9 

-1'9 

" 

8.0  . .        S.5  .  . 

Total  Number  of  Stars. 

163          271 

Total  Area,         175°.9. 

C.     For  M  m.m  n  des  0.0  to  7.9  Inclusive. 

o 

o 

„        „     m    6.0  .  .    7.0 

7  ",  .  . 

Trap.    I.     -23  to  - 

-35 

23  to  2  30        '.17        9i 

184 

II.     -35  to  - 

41 

0  to  1  30        19       25 

41 

Total  number  of  stars, 

Areas:  550D.2  +  123°.2  =  673°.4. 


116      118 


The  computation  of  the  richness  per  square  degree  for 
the  several  classes,  with  the  resulting  ratios,  is  now  as 
follows  : 

P' 


Mag. 

Area 

Stars 

Richness 

log.fi 

6.0  to  6.9 

07:i. 4 

116 

0.171 

9.236 

7.(1  to  7.4 

" 

lis 

0.175 

9.24  1 

7.5  to  7.9 

« 

225 

II.."..",  1 

9.52 1 

s.n  to  s.t 

302.3 

271 

0.897 

9.953 

8.5  to  8.9 

« 

453 

1 .50 

0.176 

9.0  to  9.4 

L26.4 

523 

4.14 

0.617 

9.4  in  9.9 

" 

1330 

L0.52 

1.022 

3.0 
3.6 
7.2 
2.8 
7.6 
6.5 


3.0 


6.1 


The  values  of  p  are  those  which  result  from  the  ratios  of 
the  successive  numbers  ;  those  of  p'  from  the  ratios  of 
numbers  differing  by  a  whole  magnitude.  Both  sets  are 
too  discordant  to  lead  to  any  useful  conclusion.  The  dis- 
cordance arises  principally  from  the  discrimination  already 
pointed  out  against  magnitudes  8.6  to  S.9,  and  in  favor 
of  9M.9.  We  shall  therefore  reduce  the  numbers  to  the 
photometric  scale  by  the  data  already  given,  and  start  from 
the  richness  of  the  lucid  stars.  Sciiiaparelli  has  plotted 
the  richness  of  every  part  of  the  sky  in  stars  to  6".0 
using  the  Harvard  Photometry  for  the  northern  hemisphere 
and  the  Uranometria  Argentina  for  the  southern.  The 
richness  of  the  two  hemispheres  from  these  two  authorities 
he  finds  to  be  substantially  equal.  Since  Schiaparelli's 
work  was  published,  the  Southern  Harvard  Photometry 
has  appeared,  giving  63  more  stars  south  of  —30°  than 
Sciiiaparelli,  the  numbers  being 

Schiaparelli-Gould         1190 
Harvard  Photometry      1253 

This  excess  is  smaller  than  should  result  from  the  differ- 
ence of  the  tw,,  scales  of  magnitude,  but  I  have  not  the 
data  at  command  for  explaining  the  discrepancy 

•  I  also  find,    from    Sciiiparelli's   planisphere,   that    the 
mean  richness  within  40°  of  the  S.  galactic  pole  is 

BSM  =  0.0836 
To  fix  the  starting  point  for  our  comparisons  we  must 
reduce  this  number  to  Jt..s,  which  will  include  the  stars 
to  .VV.i  of  the  ('DM.   scale,  and    multiply  it  by  the   ratio 
Harvard  -f-  Sciiiaparelli.     \\V  have 

p-°**  =  3.7-«-S2  =  0.6586 
and  then  for  the  Harvard  scale, 

7,,,t:,  =  /,,,,,,  x  0.6586  X  1.055  =  0.0581 
Instead  of  finding  the  ratios  for  the  successive  magni- 
tudes individually,  I  shall  find  them  for  all  tiie  stars  up  to 
each  given  magnitude.     This  is  done  in  the  following  table. 


Li Mirs  of  Magnitude. 


Cordoba 
Scale 
0.  tn  5. '.15 
5.95  to  6.95 
6.95  to  7.45 
7.45  to  7.'.i5 
7.95  to  8.45 
8.45  to  8.95 
8.95  to  9.45 
9.45  to  9.95 


Harvard  Photom. 

Scale 

0.  to  5.73 
5.73  to 
6.84  i,. 
7.49  to 
8.18  to 
8.82  to 
9.56  to  10.46 
10.46  to  11.? 


6.84 

7.49 

S.1S 

8.82 
9.56 


Richness 

between  limits 
0.0581 
(U71 
0.175 
0.334 
0.897 
1.50 
1.1  I 
10.52 


Richness 

0  to  limit. 

0.058 
0.229 
0.404 
0.738 
1.635 
3.1  i 
7.28 
17.80 


Using  the  formula  already  given,  we  have  the  equations 

/>,,-■  =  0.0581 

//,/'■•'  =  0.229 

hP7M  =  0.  im 

V"11  =  7.28 


J6 
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era!  equations,  n  ith  the 
o  which  resul  cot    ecutive  equa- 


5  :■   iogp  -  8.764 


1-6.84     • 

=  9.360  p 

=  3.44 

+■   7.49     •• 

=  9.606 

2.39 

•    8.1S     ■• 

=  9.86S 

'.'.in 

r   8.82     •■ 

=  0.21  1 

3.48 

+   9.56     • 

=  0.497 

2. 1- 

1- 10.46     • 

=  0.862 

i  j.    5.73 

..  ■•  6.84 

•■  ••  7.49 

..  .. 

..  .. 

•  ■  ••  9.56 

••  ■•  lo.  til 


Tin-  i  e  now  smaller  than  any  hitherto 

found,  ami  show  a  diminution  as   we   proceed    to  Eaintei 

inporl  mce.     Thej  are  nol   \  ery 

light-ratio  of  the  photometric  scale,  from 

which  il  follows  thai  thi   totality  of  light  from  all  the  stars 

i    of  magnitude  lines  not  go  on  in- 

ng,  as  it  would  if  p  >2.51 . 

I     ■  irregularitii  ■  ■■  bj  thoseoi  the  estimates  of 

magnitude  which,  in    the   comparison  with   the   Harvard 

magnitudes,  we  smoothed  out,  so  as  to  make  the  correction 

coutinu 

Mosl    noteworthy  is    the  deviation   oi    the    richne      to 

9".0    from    that    found    by    Seeligi  r    from    Schonfeld's 

nusterunff.     From    the    preceding    investigation   we 


should  find,  Eoi  the  region  within    10"  of  the  S.  galactic 
pole 

Richness  to  9M.0  =  1.93 

While  Seeligek  found      3.19 

This  greal  difference  rausl  be  attributed  to  a  difference 
between  the  scale  ol  magnitude  of  the  S.  II.  Photometry, 
and  that  to  which  Seeligee  reduced  his  results.  If  this 
is  the  sole  cause,  then,  to  8M.5  of  SeelIGEB's  standard 
corresponds  9M.0  of  the  Harvard  scale.  This  singular  dis- 
crepancy 1  am  not  in  a  position  to  clear  up.  The  difference 
is  sli-htly  greater  than  that  between  the  Harvard  and 
Cordoba  scales;  since  to  9".0  of  the  Harvard  scale  corre- 
sponds 8M.6  of  the  Cordoba  scale.  We  might,  therefore, 
anticipate  a  close  agreement  between  the  Cordoba  scale  and 
that  of  Schonfeld.  But,  when  we  pass  from  mag.  8M.5  to 
9M.0,  wre  find  the  Cordoba  richness  for  8".9,  which  is  3.14, 
to  be  almost  equal  to  that  of  SchSnfeld  for  9M.0.  It  would 
seem,  therefore,  that  the  interval  8M.5-9M.0  of  the  Schou- 
feld  scale  corresponds  to  8M.6  to  8".'.)  of  the  Cordoba  scale. 

A  desideratum  of  stellar  astronomy  at  the  present  time 
is  a  determination  of  the  ratio  of  progression  in  the  num- 
ber and  light  of  the  stars  as  we  ascend  in  the  scale  of 
magnitude.  The  present  paper  may.  it  is  hoped,  pave  the 
way  for  more  complete  researches  on  this  subject. 


EPHEMERIS   OF   COMET  cl  1901, 


ll\    C.   J.   MEKFIEI.R 


phemeris  of  this  comet  has  been  prepared 

purpose  oi  assisting  observers  in  finding  this  object. 

There  seems  to  be  a  chance  of  again  observing  this  comet  with 

large  I  ind  further  observations  will  be  of  great 

value  in  the  determination  of  the  definitive  orbit  elements: 


Kill  I  M  ER1S. 

I nwicli 

Mean  Noon. 

\]l]l.  II 

A.pp.  8 

Log  A 

1001 

Il          in         - 

L6 

8    lo  34  81 

+  lo  50  1  l.o 

0.5403 

L8 

47  25.70 

49  21.9 

20 

is   L3.42 

48  36.3 

0.5407 

22 

is  57.89 

47  57.7 

24 

8    19  39.04 

+  lo    17  26.9 

0.5407 

Sidney,  1901   .1  I  - 


App.  a 


App,  S 


Sept 

26 

8  50 

L6.82 

+  10 

47 

4.0 

28 

50 

51.17 

46 

51.1 

0.5402 

30 

51 

22.00 

46 

47.2 

Oct. 

2 

51 

49.24 

10 

53.  7 

0.5393 

4 

52 

12.S1 

47 

11.3 

6 

52 

32.60 

17 

40.8 

0.5381 

S 

52 

IS.  7,1' 

IS 

22.7 

10 

53 

O.I7 

49 

17.0 

0.5365 

12 

53 

8.33 

50 

27.1 

14 

53 

L2.02 

51 

51.0 

0.5345 

16 

53 

11.44 

53 

30.3 

18 

53 

0.7.1 

.V. 

25.6 

0.5322 

20 

52 

57.12 

10 

7)7 

37.6 

09 

8  52 

13.19 

+  11 

0 

0.8 

0.5297 
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MICROMETRICAL   OBSERVATIONS  OF   THE   SATELLITE   OF  NEPTUNE,  AND 

OF   STARS  NEAR   THE   PLANET, 


MADE    WITH    THE   40-INCH    REFRACTOB    OF 

By  E.  E. 

In  1892  I  began  a  systematic  measurement  of  the  position 
of  the  satellite  of  Neptune.  The  satellite  had  been  neg- 
lected, and  much  needed  measurement.  These  measures 
were  made  at  the  Lick  <  (bservatory,  and  were  as  continuous 
as  the  circumstances  permitted.  They  were  kept  up  until 
I  left  Mt.  Hamilton  in  1895. 

In  1897,  when  the  40-inch  here  was  ready  for  observa- 
tions, I  again  took  up  the  woi'k.  Through  the  kindness  of 
Professor  Hale,  who  gave  me  every  opportunity  to  observe 
the  planet  with  the  great  telescope,  I  succeeded  in  getting 
as  complete  a  series  of  measures  of  the  satellite  as  the 
atmospheric  conditions  would  permit. 

Professor  Hall,  in  A.J.  441,  has  called  attention  to  the 
fact  that  only  continuous  measures  of  this  object  are  of 
much  value. 

It  was  intended  to  make  a  long  series  of  careful  meas- 
ures of  the  position  of  the  satellite  at  the  oppositions 
of  1899-1900  and  1900-1901,  but  unavoidable  absence 
from  the  observatory  during  a  part  of  the  winter  of  1899 
prevented  observations  from  December  4  to  March  30.  1900. 
Absence  on  the  eclipse  expedition  to  Sumatra  prevented  ob- 
servations in  1901  from  February  5.  On  several  occasions 
sickness  also  interfered  with  the  work. 

The  micrometer  is  illuminated  by  a  small  electric  lamp. 
The  amount  of  illumination  is  conveniently  controlled  at 
the  lamp,  so  that  the  wires  can  be  given  any  intensity  of 
light  down  to  the  faintest  visibility.  This  is  very  important 
and  necessary  in  the  measurement  of  a  very  faint  object, 


THE    YEBKES    OBSERVATORY,    1899    AND    1900, 

BARNARD. 

such  as  the  satellite  of  Neptune  frequently  was.  For  this 
object,  though  bright  under  the  best  conditions  with  the 
large  telescope,  was  often  at  the  limit  of  vision  through  the 
blurring  of  its  light  by  bad  definition. 

In  nearly  every  case  the  measures  have  been  made  with 
700  diameters.  On  a  number  of  dates  the  satellite  was 
difficult  from  bad  seeing.  During  the  work,  Neptune  several 
times  passed  near  considerable  stars;  at  such  times  the 
position  of  the  star  was  carefully  measured  with  reference 
to  the  planet.  On  three  dates  the  seeing  permitted  microm- 
eter measures  of  the  diameter  of  Neptune.  These  measures 
are  in  good  accord  with  my  previous  determination  of  the 
diameter  of  this  planet  with  the  36-inch  at  the  Lick  Ob- 
servatory in  1894.     See  A.  J..  Vol.  15,  p.  41. 

Measikes  of  the  Diameter  of  Neptune. 
At  dist. 
Apparent        30.0551 


1S99  Feb.  13 
Aug.  '15 
Oct.      7 


2.3G 
2.53 
2.41 


2.436 


The  value  of  the  diameter  of  Neptvne  obtained  with  the 
36-inch  in  1894  and  1895  from  ten  nights'  measures,  re- 
duced to  the  mean  distance  of  Neptune  (30.0551),  was 
2".433. 

When  best  seen  the  planet  has  always  appeared  round 
and  free  from  markings. 


Observations  of  the  Satellite. 


L899  August. 

August. 

August. 

12 

15  45  7 

27.9 

2 

15 

15  55  41 

16  1  4 

203.51 

11.50 

5 
4 

18 

lo  46  10 
15  53  1 

197.63 

10.94 

4 
4 

13 
14 

15  49  25 

15  57  52 

15  48  15 

302.66 
255.35 

12.15 

4 
o 

5 

16 

16  4  27 
15  57  ol 

116.32 

11.09 

4 
4 

19 

15  56  40 

10  O  51 

15  26  50 

294,26 

10.98 
11.28 

:; 
3 

5 

15  54  33 

15.77 

4 

18 

15  33  53 

197.30 

5 

15  32  42 

12.92 

4 

15  58  54 

15.72 

4 

15  42  21 

L0.96 

4 

15  36  53 

12. OS 

4 

(27) 


28 
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270.35 
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21 
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0 

15 

32 

30 

16.28 

1 

17, 

11 

32 

15.46 

4 

17,    17, 

27, 
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4 
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35 

17,.  7  7, 

4 
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IS 

59 

15.69 

4 

15    10 

1  1 
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4 

16 

0 

6 

250.00 

5 

17,   l'l 

26 

58.32 

4 

16 

1 

57 
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18 

11 

35 

13 
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5 

16 

7 

52 

L5.99 

;; 

1  1 
11 

17 
7,1' 
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19 

1C.11 
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5 

23 
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20 
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21 
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L5 

19 
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17 
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7, 
5 

14 

58 

35 

267.17 

5 
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15 

55 

32 

10.58 

7, 
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13 
13 
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32 

13 
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16.32 
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3 

28 
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ii 
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10.19 
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4 

22 

15 
15 

19 
26 

13 

in 

112.05 

13.47 
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4 

13 

59 

24 

16.32 

3 
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33 

10.51 

4 

26 

15 

15 
15 

21 
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28 

27 

11 

1' If,. 7n 

13.60 
15.34 

5 

5 

4 

25 

1  1 
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14 

17 
7,1 
57 

33 

4 
45 
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12.84 

12.78 
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3 

29 

12     0 
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12     9 

54 
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59 
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15.51 

5 
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4 

15 

33 

If, 

17,.  IS 
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30 

13  30 

37 
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5 

26 

14 

30 

15 
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4 

13  36 

6 

14.78 

4 

27 

15 

46 

Hi 

181.19 

4 

14 

.",7, 

9 

12.00 

4 

13   in 

20 

1  1.07, 

4 

15 

51 

35 

in. l'l' 

4 

14 

39 

38 

11.87 

4 

15 

.v> 

s 

10.27 
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1899  November 
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14 

34 

7,:; 

258.12 

5 

28 

14 

.-,i 

59 

I'll. 71' 

7 

14 

43 

1 

10.78 

5 

4 

12     7 

48 
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5 

15 

4 

37 

1  l.m 

4 

14 

48 

51 

10.40 

5 

12  12 

54 

15.70 

4 

15 

9 

4 
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4 

12  17 

11 

15.88 

4 

16 

13 

52 

ioi.83 

.1 

16 
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o 

1  1.62 

4 

1899  October. 

5 

13  40 

0 

226.39 

5 

16 
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1 

14.59 

4 

1 

14 
14 

14 
23 

0 
41) 

209.18 
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4 

13  45 
13  49 

1 
30 

14.17 
13.94 

4 

4 

29 

15 

33 

28 

58.98 

5 

14 

27 

I'd 

11.93 

4 

15 

39 

38 

L5.30 

4 

6 

11   46 

12 

150.81 

5 

15 

12 

48 

15.34 

4 

o 

14 
14 

46 

54 

44 

17, 

119.92 

12.89 

4 
4 

11  52 

11  5G 

52 

5  7, 

10.66 

10.00 

4 
4 

1899 

September 

14 

59 

7 

12.82 

4 

7 

11'  39 

f, 

88.31 

6 

3 

15 

15 

25 

97.93 

4 

12  45 

35 

16.60 

4 

15 

51 

is 

15.45 

4 

7 

14 

11 

25 

199.52 

4 

12  49 

13 

16.48 

4 

15 

."'7 

:;n 

15.19 

4 

14 

10 

13 

11.30 

4 

14 

IS 

55 

11.47 

4 

11 

11   11 

10 

225.60 

5 

4 

15 

11 

47, 

7,7.7,7, 

7, 

11  17 

28 

14.04 

4 

15 

25 

in 

15.64 

6 

8 

14 

50 

37 

112.42 

1 

11    I'u 

30 

13.S9 

4 

15 

31 

23 

1  I.'.l7, 

5 

1  1 

55 

26 

13.55 

4 

14 

59 

II 

!:;.77 

4 

12 

13  35 

35 

134.76 

5 

6 

1  1 

is 

:,t; 

278.15 

5 

13    11 

7 

1  1 .05 

4 

14 

55 

IS 

1  1.85 

4 

9 

15 

11 

If, 

69.29 

rf 

13  46 

18 

12.09 

4 

15 

0 

17, 

1  1.73 

4 

15 

IS 

30 

16.45 

4 

15 

23 

35 

17,  78 

3 

18 

11  53 

55 

130.25 

5 

- 

1.-, 

25 

35 

158.70 

.    . 

5 

11    50 

25 

12.28 

4 

L5 
If, 
16 
L6 

32 
38 

1 

in 
17 

'.» 

27 
28 

12 

156.77 

10.13 
10.55 

10.09 
10.30 

1 

4 
6 
5 
5 

14 

15 
15 
15 
If, 

12 
52 

7,0 

s 

58 

1ii 

104.07 
103.25 

14.74 
14.99 

5 
6 
5 
5 

10 

11'     3 

11  55 

12  II 

12       1 

13 

54 

42 

::7 

70.25 

12.27, 

10.  so 
16.79 

4 

5 
4 
4 

L0 

15 

L9 

:,<; 

50  60 

6 

17, 

12 

11 

10 

67.39 

5 

25 

lo  2:; 

:;i 

76.49 

6 

15 

56 

36 

1  1.03 

4 

11' 

I'll 

I  7 

16.30 

4 

in   20 

1 

17.10 

1 

If, 

0 

•  > 

1  1.22 

4 

11' 

l'l 

f> 

16.03 

4 

in  32 

6 

17.00 

4 

11 

1.", 

." , 

7,1 

332.77 

6 

17 

13 

:;:; 

8 

286.36 

5 

I'll 

Hi  35 

52 

27.37 

5 

15 

17, 

52 

10.29 

I 

13 

::7 

.Ml 

1  1.43 

4 

in    11 

38 

12.18 

4 

15 

50 

26 

10.55 

4 

13 

11 

I 

1  111 

4 

Hi  45 

7,5 

11  l:» 

4 
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November. 

April. 

April. 

ii     ii 

8 

O 

1! 

S 

0 

e 

ii     i 

s 

// 

27 

in    15 

47 

301.23 

5 

4 

8 

10 

34 

51.02 

6 

22 

8     ii 

42 

32.51 

6 

10  .-,1 

11 

12.64 

4 

8 

16 

3 

14.2.S 

5 

8     4 

45 

12.11 

4 

10  54 

25 

12.79 

4 

8 
8 

18 

21 

45 

10 

51.02 

14.37 

5 
3 

8  8 
8  11' 
8  16 

21 

40 
45 

31.50 

11.81 
1 1 .73 

4 
6 

3 

1899  December 

6 

7 

27 

57 

270.06 

7 

8  18 

51 

11.82 

3 

4 

9  45 

13 

251.57 

6 

7 

31 

35 

i;»  27 

5 

9  49 

48 

17.20 

4 

7 

34 

7 

15.30 

6 

24 

7   48 

35 

255.54 

6 

-.i  52 

47 

16.98 

4 

7  53 

47 

15.80 

4 

7 

i 

30 

.'  15 

20 
48 

228.23 

14.31 

5 
5 

7  56 

54 

15.89 

4 

1900  March. 

39 

14.46 

5 

26 

7  40 

35 

120.34 

5 

30 

8  18 

16 

346.29 

5 

7  51 

51 

12.07 

4 

S  22 

33 

lu.17 

4 

9 

7 

25 

14 

88.02 

6 

7  56 

12.24 

5 

8  25 

3 

10.22 

4 

7 

29 

15 

16.07 

6 

7 

34 

25 

15.93 

8 

31 

7  41 

IS 

27.".. I'd 

5 

27 

7  46 

26 

74.21 

5 

7  45 
7  49 

5 
6 

15.00 

14.97 

5 

10 

7 

7 

27 
34 
40 

4'.) 

41 

8 

16.88 

13.65 
13.66 

7 
6 

7 

30 

7  51 
7  53 

7  50 

14 
57 

27 

251.37 

16.25 
16.43 

4 
4 

6 

1900  April. 

18 

7 

49 

7 

259.28 

5 

7  55 

28 

16.09 

5 

2 

7  ."ii 

7  58 

8  0 

15 
56 
50 

160.87 

10.35 
10.17 

5 

5 

8 

54 
1 

2 

26 

15.68 
15.94 

6 

7 

7  59 

'.".I 

15.89 

5 

19 

7 

34 

54 

21  l.lu 

6 

1900  May. 

3 

7  47, 

41 

15.07 

5 

7 

41 

54 

12.67 

5 

4 

7   r.l 

51 

13.29 

1 

7  48 

23 

15.45 

5 

7 

45 

54 

12.90 

5 

7   59 

8 

10.33 

3 

7  52 

6 

92.74 

5 

7 

51 

50 

21  1.51 

5 

8     2 

41 

10.25 

4 

Positions  of  the  Satellite. 


1900 

September 

1900  October. 

October. 

6 

l 
14 

5l'n52S 

253°S4 

5 

1 

i 
14 

7"  54S 

1  19.18 

5 

10 

h       1 

14     0 

35 

.",10.5  1 

6 

14 

59  57 

16.30 

5 

14 

14     2 

10.23 

4 

14     6 

6 

11.79 

4 

15 

12  52 

15.80 

3 

14 

18     0 

10.02 

4 

14     9 

17 

11.70 

4 

10 

15 

22  38 

7.36 

7 

2 

14 

11  20 

00.14 

5 

11 

15     7 

39 

202.10 

5 

15 

28  49 

10.81 

5 

14 

15  54 

16.49 

4 

15  12 

14 

10.71 

4 

15 

32  56 

10.85 

5 

14 

19     9 

16.36 

4 

15  15 

24 

16.48 

4 

11 

15 

35  17 

288.08 

5 

3 

14 

14  35 

46.98 

6 

16 

13   15 

47 

309.62 

5 

15 

40  52 

14.53 

5 

14 

19  46 

13.85 

4 

13  21 

33 

12.35 

5 

15 

46  37 

14.73 

5 

14 

23  22 

L3.79 

4 

13  25 

26 

12.45 

5 

13 

15 

35  33 

179.81 

6 

4 

13 

50  57 

327.69 

6 

17 

12  35 

54 

261.39 

5 

15 

41     6 

10.39 

5 

13 

57  31 

11.37 

5 

12  40 

5 

10.07 

5 

15 

44  15 

10.23 

5 

14 

2     0 

11.69 

5 

12  43 

29 

16.75 

K 

19 

14 

26  20 

172.61 

5 

5 

15 

9  34 

266.95 

6 

18 

14  24 

20 

207.37 

5 

14 

49  13 

10.01 

4 

15 

15  28 

16.26 

5 

11  29 

36 

1  1.01 

1 

14 

54  33 

10.33 

4 

15 

19  52 

16.26 

5 

14  34 

0 

1 1.62 

1 

21 

13 

34  27 

240.04 

6 

8 

14 

53     9 

SI.52 

6 

25 

12  11 

23 

110.00 

5 

13 

39  25 

14.69 

4 

14 

59  18 

10.72 

4 

12  17 

9 

13.65 

1 

13 

48  14 

14.76 

4 

15 

3     0 

16.42 

4 

12  21 

7 

13.69 

4 

25 

13 

50  38 

162.41 

8 

9 

14 

52  25 

38.43 

5 

26 

12  34 

44 

74.22 

5 

13 

59  13 

10.31 

4 

14 

58  28 

12.73 

5 

L2  39 

57 

10.11 

4 

14 

3     9 

10.31 

4 

15 

2  16 

12.0s 

5 

12   13 

10 

10.51 

1 

30 
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27    13  34   59 

I  I     5  5  I 

II  12  22 

30   1 1  29  ;;i 

1 1   37    I  I 
1141   22 


141)6 


L84.26 


11.02 
1 1 .53 


L0.83 
L0.77 


1900  A 

15    is  23         63.43  •    • 

15  53  17        ...  15.70 

15  56  10       ...  15.81 


2 

15 

53 

:<~> 

:\':~>.:','i 

5 

M', 

0 

22 

in. is 

5 

16 

1 

ii 

10.70 

5 

3 

12 

17 

20 

289.06 

5 

12 

21 

17 

i  i..;i 

1 

12 

2  1 

17 

1  1.34 

1 

l 

11 

23 

26 

248.85 

5 

11 

"7 

15 

16.11 

4 

;i 

29 

12 

If,.  15 

4 

5 

12 

13 

31 

180.52 

5 

12 

50 

26 

10.35 

5 

12 

53 

58 

10.63 

5 

8 

15 

42 

12 

164.78 

6 

15 

is 

55 

10.51 

5 

15 

52 

38 

10.66 

5 

13 

12 

22 

10 

58.69 

(5 

12 

27 

21 

15.76 

4 

12 

29 

58 

15.52 

4 

20 


10  S  30 
10  1  I  57 
10  19   12 

'.i    11      2 
9  47  55 

o  5:;  21 


November. 
234°62 


334.74 


1  1.94 

1  1.71 


11.52 

1 1 .58 


1900  December. 
11     9  53       307.87 

11    15    is        ... 
11    10  54        .    .    . 


1  1 


is 


10 


28 


20 


:;i 


o  4  •'! 
o  o  21 
0    12  31 

o  28  23 

o  :::;    17 

0  :'.7   44 

12  18  18 
12  21  0 
12   27    37 

12  50  31 

13  2   57 

13  5  44 

10  24  30 
10  29  13 

10   52    15 

14  49  59 

1  1  X,  20 
1  1    5S   52 


129.51 


rim 


10.68 


171.21 


103.48 


158.10 


12.79 
12.07 


12.51 
12.20 


16.87 

10.72 


11.10 

10.95 


11.18 
11.20 


15.02 
15.19 


10.58 
10.73 


1      S   10     4 

s  22    Hi 
S  25  51 

11  12  56  17 
13  5  22 
13      9   36 


1  901  January. 

2S7.Hi 


10 


19 


25 


S     IS    51 
S    55    57 

8  58     3 

7  53  10 

7  59      0 
S      2   21 

s     5  28 

8  9  52 

S    12   55 

1 1    25   1 2 

I  1    30    19 

II  33  30 

8  58  32 

9  4  57 
9     8  34 


.'2.011 


89.97 


49.0(1 


209.1  S 


1  1.57 
14.28 


15.00 
15.19 


10.00 
10.19 


15.11 

15.52 


16.21 

10.19 


132.27 


262. 


D„  the  lsth  and  19th  of  April  (1900)  Neptune  was  near 
the  star  2  777.     This  object   passed  some  5'  north  of  Nep- 
0     the  above  dates   the  following    measures    were 
made  of  the  double  : 


1900.297 
.300 


si.s 
85. 1 


4.84 

1.52 


11.91  4 

12.02  4 

3  .    .  6 

16.62  5 

10.5  1  i; 


28      8  27  23  81.11  .    .  5 

8  34  59  ...  10.95  4 

8  39  22  ...  16.89  4 

1901  February. 

5      8  36  59  300.48  .    .  5 

8  44  20  ...  12.96  5 

S   48   15  .    .    .  12.89  5 


L900.298         S5.1         4.68 
There  is  no  change  in  the  star.     It  was  measured  in  1830 
by  Stbi  \  e,  85  . 1.  I". 55. 


MlCROM  iMi 

Mi 

iasures  of  Neptune 

ini)  Neighboring  Stars. 

(Measures  referred  to 

the  center  of  Neptune. 

) 

L899 

Uigust. 

August 

1 899  Septembei 

* 

„ 

* 

.1           h         n 

„ 

Q 

„ 

* 

'i      i 

111          3                  o 

„ 

1     26   15 

167  08 

4 

2 

28    15    17 

39 

89.08 

4 

3 

5    15 

5ii  27"     96.58 

5 

15     s     l 

37.36 

4 

15  54 

30 

149.63 

4 

15 

.",5    15      ... 

9.12 

4 

15  12  59 

57.72 

1 

15  59 

52 

1  19.55 

4 

15 

39  :>■>     .    .   . 

8. SI 

4 

29  15  50 

38 

212.08 

2 

2 

10 

17   30     271.70 

4 

1      27    16      1     12 

237.99 

1 

15  57 

5  1 

15.75 

3 

10 

22   59       .     .     . 

188.82 

3 

16     7    is 

69.32 

3 

•j 

16    19 

20 

SS.1S 

4 

10 

27    56       .     .     . 

189.12 

3 

16   11    54 

69.20 

3 

L6  25 
L6  30 

51 

87.53 

S7.I9 

3 
3 

1     28   15  27  54 

252.98 

1 

1 

n;  12 

31 

258.80 

4 

1 

IS    1  1 

11    56      11 2. 55 

I 

15   5  1       1 

125.25 

1 

16    17 

54 

187.47 

5 

1  1 

21      0      ... 

12.55 

5 

15  39  36 

125.52 

1 

10  52 

23 

1S7.2S 

5 

1  1 

25   50       ... 

12.57 

5 
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September. 

October. 

'  'tuber. 

^   a  h  i 

,     3 

o 

„ 

* 

.i   ii  i 

1    s 

o 

„ 

* 

il   h   i 

> 

5  24  13  32 

46 

274.38 

4 

5 

9  15  29 

53 

1.79 

4 

7 

5  15  24 

52 

292.23 

4 

13  37 

29 

82.49 

3 

15  34 

47 

.".9. CO 

3 

15  44 

10 

133.34 

4 

13  40 

57 

82.47 

3 

1  .">  38 

5 

39.88 

3 

15  48 

37 

133.42 

4 

5  25  14  16 

48 

274.98 

4 

5 

15  12  34 

53 

71.07 

4 

7 

S  15  S 

17 

301.93 

5 

14  22 

3 

91.57 

3 

12  39 

30 

168.40 

3 

15  14 

21 

10*7.16 

5 

14  26 

23 

91.27 

3 

12  43 

5 

168.80 

3 

15  20 

14 

107.16 

5 

5  26  14  9 

50 

275.93 

4 

6 

22  13  25 
13  32 

43 

12 

246.28 

77.89 

6 
3 

7 

9  15   7 

7 

307.70 

4 

14  18 
14  22 

5 
9 

97.94 
98.08 

3 
3 

6 

13  36 
23  13  2 

0 
11 

222.20 

78.09 

3 
4 

15  12 
15  16 

10 
10 

96.36 

9.;.  j.; 

4 
4 

o  30  14  58 

9 

280.19 

4 

13  6 

59 

38.67 

3 

7 

10  14  12 

42 

315.25 

4 

15  3 

1 

104.72 

4 

13  Li 

0 

38.66 

3 

14  16  57 

85.64 

4 

15  7 

2 

104.67 

4 

1900 

Septembt 

14  20 

44 

85.79 

4 

7 

19  15  2 

18 

27.61 

5 

7 

11  17,  19 

41 

327.32 

4 

189S 

October 

15  5 

48 

LM.se, 

1 

1.-.  23 

14 

7  LSI', 

3 

5   1  14  40 

32 

281.61 

5 

15  9 

50 

21.09 

5 

17,  26 

0 

74.82 

3 

14  45 
14  50 

52 

11 

101.62 

101.45 

3 
3 

7 

24  13  13 
13  20 

7,4 
36 

288.40 

90.80 

5 
4 

7 

16  13  30 
13  35 

39 

5 

47.91 

108.99 

4 
4 

5   2  15  13 

15 

283.80 

4 

13  25 

38 

91.10 

4 

13  38 

36 

108.81 

4 

15  19 
15  22 

3 
47 

96.09 

96.19 

3 

7 

25  14  13 
14  20 
14  25 

51 
49 
28 

2S7.03 

105.24 
105.26 

4 
4 
4 

8 

20  12  50 

12  55 

44 
4 

25.56 

11.77, 

o 
2 

5   7  14  29 

40 

314.42 

4 

1900  October. 

9 

13  4 

28 

314.54 

4 

14  33 
14  35 

7 
46 

49.15 
49.17 

3 
3 

7 

2  14  2.S 
14  33 

49 
4 

287.88 

1  14. Co 

4 
4 

13  8 
13  12 

47 
32 

103.81 

103.64 

4 
4 

5   8  14  38 

26 

335.15 

4 

14  36 

55 

145.00 

4 

9 

27  14  IS 

IS 

343.34 

4 

14  42 

13 

40.91 

3 

7 

3  14  29 

5 

289.08 

5 

14  21 

41 

78.05 

4 

14  45 

13 

41.15 

3 

14  35 

8 

143.23 

4 

14  24 

36 

78.25 

4 

These  measures  have  been  corrected  for  refraction. 
On  1S99  Aug.  27,  star  2  was  0'  1".5S  (2  obs.)  north  of  the 
center  of  Neptune  and  following  some  158. 


Star  1  = 

=   8-9 

"  2 

8.9 

"  3 

12-13 

"  4 

10 

Star 


9.5 
9-10 
9.8 
15 


9t 


*  There  is  a  small  star  s.f.  15". 

f  Magnitude  not  noted;  will  be  a  considerable  star. 


NOTES  ON  THE  SATELLITE. 
1899  Aug.  12th,  Seeing  excessively  bad  and  measures  of  distance 
not  possible.  —  13th,  Observations  stopped  by  clouds.  —  14th,  Seeing 
fair  and  observations  good.  —  16th,  Satellite  lost  in  bad  seeing  before 
distances  could  be  measured.  —  18th,  Seeing  very  poor  and  observa- 
tions repeated.  —  20th,  The  second  set  believed  to  be  the  better. — 
21st,  Seeing  bad.  —  22d,  Satellite  faint  through  dense  haze.  — -jsth, 
Seeing  very  bad;  satellite  seen  only  once  in  awhile.  Sept.  3d,  Star 
between  satellite  and  planet;  it  is  AM  brighter  than  the  satellite;  a 
star  of  15"  in  190°±  and  distance  14"±.  — 4th,  Through  dense  clouds, 
with  very  bad  seeing.  — 6th,  Difficult.  —  8th,  Very  faint  through  verj 
thick  sky.  —  10th,  Magnifying  power  =  1340  diameters. —  12th,  Im- 
ages very  bad;  waited  long  for  if  to  steady  enough  to  measure.  — 
18th,  Through  breaks  in  clouds;  excessively  difficult. — 25th,  Satel 
lite  very  faint;  seeing  very  bad.  —  30th,  Satellite  very  difficult. 
Oct.  2d,  Faint  and  difficult  in  very  bad  seeing.  —  14th,  Excessively 
difficult  from  bad  seeing;  the  last  position-angle  better.  —  15th, 
Satellite  very  difficult;   a  south  gale  blowing.  —  17th,  Very  difficult. 

—  21st,  Difficult;  gale  of  wind  blowing.  —  23d,  A  faint  star  =  the 
satellite  in  magnitude,  n.p.  and  a  little  fainter  than  the  satellite. 

—  29th,  A  very  small  star  fol.  and  a  little  south;  distances".  \>>r.  1. 
Two  small  stars  near  south  form  a  trapezoid  with  Neptune  and  the 
satellite  —  a  little  brighter  than  the  satellite.  —  5th,  Observations 
good;  satellite  well  seen.  —  12th,  Satellite  very  difficult;  seeing  very 
bad. — 20th,  Seeing  good.  /)•■■.  4th.  seeing  so  bad  can  onlv  glimpse 
the  satellite.  1900  Apr.  2d,  Satellite  faint  and  difficult.  —7th,  A 
faint  star  n.p.  a  little  more  distant  than  the  satellite.  — 9th,  Exces- 
sively fain'  and  difficult.  —  10th,  Faint  and  difficult.  —  ISth,  Difficult 

Terkes  Observatory,   Williams  Hay,   Wisconsin. 


and  very  faint  in  haze.  Sept.  6th,  Through  dense  clouds.  —  19th. 
rhrough  clouds;    seeing  bad.     Oct.  1st,  Verj   difficult.  ; 

sively  faint:  through  clouds.  —  5th,  Satellite  unusually  bright  and 
easy.  —  25th,  Faint  from  bad  seeing.  —  27th,  Faint  and  difficult 
through  thin  places  in  clouds.  —30th,  Excessively  faint  and  difficult; 
but  observations  good.  Nov.  3d,  Seeing  excessively  bad.  —5th,  Very 
faint  from  thick  sky  and  bad  seeing.  —8th,  Very  faim  from  bad  see 
ing.  —  26th,  Very  faint ;  very  had  seeing.  Dec.  8,  Very  faint  in  thick 
sky.—  18th,  Satellite  bright.  —  19th,  Satellite  bright.  1901  Jan.  1st. 
Satellite  very  difficult;  seeing  excessively  bad.  —  16th,  A  12M  star 
5 "-  ii "  due  n.  of  the  satellite.  —25th,  satellite  bright. 

On   Oct.  2,   1900.    Neptune  was  near  the   star  B.DM.  -4-22c1248, 
whose  position  for  1855  0  is 

o  =  :>h  54"  5'.3     ,     8  =  +22c  16'.6 

This  star  is  an  unrecorded  double,  the  following  measures   were 
made  of  it 

1900   Oct.  8        193.7         l  88        9™:  9*5 
9         193.2         1.94         9   :  9.1 

The  proper  quadrant  was  not  n rded. 

A  l:!M.5  star  was  compared  with  the  north  component  of  the  pair. 

1900  Oct.  8        13±        4.85 
9        13±        4.84 
This  small  star  was  in  the  same  line  with  the  other  two,  and  north. 
Hereafter  it  will  not  be  possible  to  secure  as  continuous  observa- 
tions of  the  satellite  of  Neptune. 
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OBSERVATIONS   OF    EROS, 

MADE   WITH     I  III     _'<">   IN.   II     BE  Fit  ACTOR   01      Mil      LEANDER   MCCORMICK   OBSERVAT0B1 

B-i    HERBERT    R.  MORG  W 
piinii  rei  olution  of 

the  micrometer-screw  «  tied  bj  transits  of  equa- 


H     THE    0NIVEBSI1  \     "I     Villi. 1M  \, 


1900 

1  rev. 

No.  transits 

Distance 

Si  'mi- 

Ocl    17 

9.847 

Sn 

10  rev. 

good 

18 

9.845 

66 

60    - 

bad 

19 

9.847 

138 

65    •■ 

26 

9.847 

162 

60    •■ 

bad 

Focus   Temp. 
.50  in.        50 
.48  •'         58 
.50  ■■ 
.22  "(?)  62 


The  mean, 9".847,  was  adopted  as  the  value  of  one  revo 
Inn £  the  screw.  In  observing  Eros,  the  recommen- 
dations of  the  Paris  Ast rii|.]ini nj,i:i |ih ir  Conference  were 
followed  ascloselj  as  possible,  and  in  general,  6  z^S's,  11'  la's 
and  <■>  /rt's  were  taken.  In  onlj  two  cases  did  the  differ 
enee  in  time  of  da's  and  ./S's  amount  to  three  minutes. 
Corrections  foi  refraction  have  been  applied. 


Approx.  App.  Place  Star 

lie  M.T. 

J  a 

J8 

No.Settings 

Star 

logpJa 

log  }>  J  8 

a 

8 

1900 

12  38  32 

38.69 

+    '  21,14 

10 

10 

8?9 

»9.460 

,.n  256 

h      n 

2  42 

6 

+  42  I'l.  1 

25 

11    .M   59 

-  0.57 

+  7,  41.30 

10 

10 

11.0 

„'.)7,S| 

rc9.324 

42 

29 

12  41.3 

Ocl       9 

1  l    59    13 

+    I.DI 

-2  36.43 

10 

9 

9.0 

rc9.423 

rcO.063 

42 

47 

47   59.2 

L5 

11    56  28 

+  11.03 

+     17.92 

10 

10 

10.0 

rc9.310 

rcO.213 

3S 

59 

49  56.3 

16 

11    13     5 

+   8.27 

-3  25.62 

8 

8 

9.0 

n9.505 

,/().l::o 

38 

11 

50  18.2 

17 

9   18  I'l 

-   0.11 

+4  :'.:;.ln 

12 

12 

10.5 

»9.770 

9.404 

37 

27 

50  27.1 

18 

9   L0  35 

+   2.95 

+  4     5.14 

8 

8 

9.4 

n9. 777 

9.437 

36 

24 

50  45.3 

L9 

8    11     1 

2.00 

-2  36.81 

12 

12 

11.0 

'.I.SO'.I 

9  864 

35 

25 

51     9.0 

20 

7  56     3 

-1-    1.17 

-2    15.31 

12 

12 

9.8 

?49.847 

0.195 

34 

13 

51   27-.  7, 

24 

1  1   33  52 

34.08 

-1    35.22 

12 

12 

„'.).  :ill 

ftO.306 

29 

0 

52  27.8 

26 

9  53  58 

•  29. 1  l 

+  3  53.17 

12 

12 

10.0 

'.u;i'i 

„o.\  it; 

25 

6 

52  47.9 

29 

8  27    11' 

+   8.09 

-2  15.81 

12 

12 

n9.779 

//'.i.  7,:  io 

20 

24 

53  27.6 

Nov.     5 

;i  38  i'l 

+  18.32 

+3  45.74 

12 

12 

//'.I.  17'.) 

rcO.316 

2     6 

32 

54  10.8 

11' 

8  23    19 

+  25.73 

—       4.22 

12 

12 

^9.606 

rcO.234 

1  52 

11 

7,1    15.8 

13 

8  i'l      1 

+36.19 

+       4.97 

12 

12 

10.6 

n9.585 

,/ 0.27,1 

50 

2 

54  11.7 

1  I 

8     '.1   18 

+  9.86 

-5  30.11 

12 

12 

10.0 

»«.).<;i4 

//O.l'l'O 

is 

33 

54   12.4 

15 

!i     3     1 

-   1.45 

+     43.85 

12 

12 

„;).:;  it; 

nO.349 

46 

46 

7.4     0.0 

16 

9     0  .".1 

0.28 

+       6.75 

12 

12 

„'.).:;i'i 

//u.:  ;.-,n 

11 

55 

53  53.5 

21 

8  22     3 

35  i'l 

+        1.91 

12 

12 

9.3 

,,<.).; ::si 

ra0.310 

37 

19 

53     3.9 

22 

8  44     4 

10.43 

-1   38.73 

12 

12 

S.7 

//'.).  17<; 

rcO.338 

35 

29 

52  52.6 

27 

6   I'l    7,1 

+  22.75 

-2  59.91 

12 

12 

7.4 

//'.l.l'.Sl 

//9.D21 

i".) 

27 

51  39.S 

Dee.      1 

8   1  1   22 

+   9.46 

-     34.18 

12 

12 

9.3 

»8.995 

rcO.271 

27 

7 

50  22.G 

8 

10   1'.'  22 

+   7.42 

-1   49.82 

12 

12 

10.5 

9.546 

n9.914 

27 

9 

47  53.1 

ID 

6    10  31 

—   2.12 

+     59.48 

12 

12 

io.o 

/,'.).  ll'O 

nO.QU 

28 

7 

47     7.7 

11 

6   13  23 

+    L.55 

_     36.08 

12 

12 

10.5 

»(.u;i2 

n.9.874 

28 

41 

4G  46.3 

13 

s  33    10 

+  10.90 

+  4  12.46 

12 

12 

9.0 

8.97  1 

ft0.076 

1  30 

11 

45  51.3 

Jan.     5 

6  35  47 

+   0.70 

39.76 

12 

,  12 

11.0 

//S.'.l'.ll' 

9.498 

2  14 

28 

+  30  12.3 

NEW    solTIIERN   XL  &OL- VARIABLE. 

By  ALEXANDER  W.  ROBERTS. 


(MM).   -  II    17,11. 
a  =  10h  16'"  14-     ,     8  =  — 41°43'.8      1875. 
In  .May  of  this  ittention  sva    called  to  this  star 

I.wks,  who  suspected  it  of  variati   □  of   the  Algol- 

!   .  ■■.      ,  June  and 

Jul}-  confirm  th  is. 

The    star    is    an   .4/;/', /-variable    with    the    following    ele- 


Period,  ld  20"  30m  2s 

Epoch  of  niin..        1900,  Jan.  I'1  15h  lO"  (G.M.T.) 

Limits.  10».0-10".9 

The  Light-changes  are  completed  in  three  hours  and 
twentj  minutes.  There  is  no  stationary  period  al  mini- 
mum. 

The  ascending  and  descending  phases  are  equal,  each 
occupying  one  hour  and  forty  minutes. 
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MICROMETRICAL     OBSERVATIONS     OF     MOESTING  A,    PTOLEMAUS  A    AND 

TRIESNECKER  B, 

MADE    WITH    THK    -10-INCH    EEFBACTOB   OP  THE   YEKKES    OBSEBYATOBY, 

By  E.  E.  BARNARD. 

The  following  measures  of  the  relative  positions  of  three  The  linear  values  have  been  kindly  supplied  me  by  l'ro- 

spots  on  the  moon's  surface,  Moesting  A,  Ftolemaus  A  and      fessor  Saunder. 

Triesnecker  B,  were  made  at  the  request  of  Professor  S.  A.  Following  are  the  measures  of  the  craters  : 

Saunder  of  England.  They  have  been  discussed  by  Pro- 
fessor Saunder  in  M.N.  for  May,  1900,  from  material 
privately  communicated  to  him.  The  measures  themselves, 
however,  have  not  been  published.  It  is  thought  they  may 
be  useful  to  others  interested  in  the  moon,  and  are  there- 
fore printed  here. 

It  must  be  understood  that  measures  of  the  positions  of 
lunar  craters  are  not  subject  to  the  accuracy  attained  in 
the  measures  of  stellar  points  because  of  the  bigness  of  the 
objects  bisected.  This  will  readily  be  seen  from  the 
measures  of  the  diameters  of  these  three  craters  made  at 
the  time  of  the  position  observations  on  April  7,  1900. 

h       m      s  ' 

8  46  39  App.  Diameter  Moesting  A  6.38  (3)  =  7.77  miles 
8  49  55     "  "  PtolemausA     4.66  (3)  =5.67     " 

8  51  41      •'  "  Triesnecker  B  2.94  (3)  =  3.51      « 

Yerkea  Observatory,   Williams  Bay,   Wis.,  1901  Aug,  12. 


Pt. 

A  and  Mb 

A. 

1900 

April  7  S  8  0 
9  7  59    13 

51.00(4) 
58.65  (5) 

h        in       s 

8  13  7 
8     7  42 

108.77(8) 

106.99(9) 

Pt 

A  and  Tr. 

B. 

1900 

April  7  8  ls"-':;r," 
9  8  29     0 

4?47(4) 
11.63(5) 

h       m        s 

8  27  25 

8  37  48 

153/14(9) 

150.43(8) 

Mi 

.  A   and  Tr 

B. 

1900 

April  7  8  34m208 
9  8   16     'J 

319?07  (4) 
326.50(5) 

s"  4o"'nr 

8  22    11 

110.91(8) 
109.95(8) 

These  are  corrected  for  refraction. 

The  method  of  double  distances  was  used. 

The  times  arc  ('>''  0™  0s  slow  of  Greenwich. 

On  both  dates  the  seeing  was  bad. 

Observations  with  the  full  apertures  of  the  40-inch. 


PROBABLE   VARIATION   OF   Z.C.  NVIII",  1913, 

By  ALEXANDER  W.   ROBERTS. 


The  star  Arg.  Z.C.  XVIII",  1913, 

a  =  18"  32'"  45s     ,     8=— 37°3o'.8     1875, 
is  probably  variable  within  the  limits  8M.0  and  9M.0.    It  has 
been  observed  as  a  comparison-star  to  Ch.  6686,  U  Coronae 
Australia,  when  that  star  approaches  its  maximum. 

A  period  of  about  185  days  would  satisfy  the  most  of 


the   observations   made, 
elements  would  be 

Period. 
Maximum, 

Limits, 
.1/-///.. 


With   this    period    the  probable 

185  days 
1900  Jan.  30 
smi  -9M.0 

75  days 


OBSERVATIONS   OF   COMET  h  1900  (brooks), 


.MADE    AT    THE    CHAMBEBLIN    OBSEBTATOET,    UNIVERSITY    PABK, 

By  X.   B.   HELLER. 


IOLOEADO, 


1900  Univ.  ParkM.T. 

* 

Comp. 

Ja 

Z*S 

App.  a 

App.  S 

log  }>A 

Ri  d   to  App.  PI. 

July  30    14  .M  15 

1 

20  ,  10 

+  0  25.U 

+   6  41.2 

2  51   32.95 

'■:;   in  13.1 

„'.u;:;u 

0.365 

+  : ::!".»  +  5ji 

Aug.   6    11  13  47 

2 

20  ,  6 

+  4  51.19 

-    1  16.6 

3     1     2.60 

54     3     9.3 

//'.).S77 

0.648 

■f-4.22  -   1.6 

11     11  39  42 

o 

20  .  6 

-  9  44.81 

+  16  19.0 

3  20   L4.43 

66  36     6.3 

rcO.055 

0.439 

+  L.79  -   6.3 

11'  13  34 

4 

20  ,  6 

—  10  59.48 

+    1  56.4 

3  20  26.85 

66  39    12.4 

rcO.057 

0.397 

+  5.24        6.5 

15      9  13  48 

5 

10  ,  6 

-12  20.94 

+   6  18.8 

3    13     4.77 

74  28  24.2 

H.0.090 

0.776 

+  6.59  -  9.7 

17    10    7  34 

6 

10,  6 

—  3  38.39 

+   7  55.7 

4     2  3(1.50 

+  77  57    1  7.5 

//0.261 

0.671 

+  7.76  -11.1 

Mean   Places 

of  ( 'omparison- Stars  t 

)r  lh<   begin 

n'l il (J    of  lln 

year. 

* 

a 

S 

Authority 

* 

a 

8 

Authority 

1 

9 

3 

2  51     4.52 

2  59     7.19 

3  29  54.03 

+33  33  26.9      Weisse's  Bessel  11,1159 
54     4  27.6      Cambr.  i  Eng.)  LG  1373 
+66  19  53.6      Christiania,  A.G.  612 

4 
5 
6 

:;"::i"'-L!u    +r,,;  :;:  -j ■/..-,    1  Christiania,  A.G. 617 

3  55  19.03       74  21    15.1       Lewitzky,  DM.  74°186 

4  6     1.19  1+77  49  32.9    |  Kasan,  AG.  657 
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OBSERVATIONS  OF    MINOE    PLANETS, 

MAI)]       \l      INI      \    S.SSAR    COLLEGE    OBSERi    LTORY, 

On     ALICE    E.    DAVIS. 

nmunicated  bj  the  Director,   Mart   \V    Whitney.] 


treenwicb  M.T. 

* 

Conip. 

la 

./S 

App.  a 

App. 

5 

log  pA 

Red.  to  App.  PI. 

(27)    Euterpe. 

Jan.  16   1  I    1 

1 

L0  .  9 

0    12.94 

■+4  50.  1 

7   19   13.75 

+23  11 

58.0 

n9  124 

0.506 

+  2.71 

-  9.8 

is    L2  25    10 

2 

7  .  7 

+  ()   17.17. 

_0  '-'.">  0 

7   17   18.07 

+23  17 

3  7  5 

&9.615 

0.606 

+  2.74 

-  9.8 

22  13     8  58 

3 

L0  ,  8 

-2  19.61 

+  1    .V.). 7 

7   13  29;29 

+  23  28 

:;:;.:; 

»'.!.;-,  HI 

0.538 

+  1'.77 

-   9.6 

26   1-  35  53 

1 

8 

-2  31.3 

+-23  38 

2.9 

0.550 

+  2.76 

9.1 

[2    13  33 

1 

7 

+  0  34.50 

7   in     5.25 

rc9.532 

+  2.58 

-17.0 

i  78 1    Diana. 

Feb.    7   L3    Is  53 

5 

10  .  7 

-  2     7.91 

-1  :;i  I 

in   1  1  37.87 

+  13  34 

25.6 

»9.606 

0.697 

+  2.72 

-17.:; 

s   1  t  52  1 5 

5 

L0  .  7 

+  1     5.73 

-2     6.6 

10   13  35.70 

+  13  33 

53.4 

n9.512 

0.663 

+  2.73 

-17.2 

is   L3     6    13 

(1 

6  .  7 

-0     5.20 

-8     8.4 

in     3   1  1.67 

+  13  28 

13.8 

rc9.593 

0.692 

+  2.73 

-17.3 

19    11'    26     11 

7 

10  .  6 

-0     6.25 

-2  41.3 

lo     2   13.85 

f-13  27 

30.1 

rc9.625 

0.710 

21    12     8  17 

8 

9  .  8 

-0  13.97 

-0  20.9 

10     0     8.38 

+  13  25 

56.8 

n9.624 

n  700 

Mum    Places 

of  (  bmparison- Stars  f 

>r   tin    /iii/in 

n  in  (J   of  tin1 

year. 

* 

a 

S 

Authority 

* 

a 

S 

Authority 

1 

■> 

4 

7    is   28.10 
7    16 

7   17.  46.13 
7     9  27.99 

+-3::     7   17.1 
+  23  is     2.3 
+  3.-,  26    1.".  3 
+  23  40  43.3 

Berlin  (B)  A.. G.  2932 
"     2916 

'•     2007 
»     2852 

5 

6 

7 
s 

10   13  27.38 
in     3   17.17. 
lo     2   17.38 
10     0  19.63 

+  13  30   17.0 
+  1 3  36  39.5 
+13  30  3s.r, 
+  13  26  34.9 

Leipzig  1.   LG.  3983 

••     3955 

»    .          "     3950 

"     3942 

SOUTHERN    VARIABLE   STARS, 

By  ALEXANDER   W.   ROBERTS. 


1  nil  able  to  confirm  the  variation  of  the  following  stars. 
They  an-  entered  in  the  catalogue  oi  Sonthesn  Variable 
Star-  (Astronomical  Journal,  Nos.  191,492)  as  suspected 
variables. 

Ch.  854.     S  Horologii. 
a  =  -'>'  22m  :.'_"     ,     8  =  —  60°1'.2      1900 
The  elemenl ;  i  I  I ;:      itar  arc 

Maximum,  L900  May  29 

Period,  330  daj  - 

Limits,  9M.7-<11".2 

The  rise  to  a  maximum  is  verj  rapid  compared  with  the 
decreasing  phase.  In  1901  the  star  rose  from  11  ".2  to  9".7 
in  aboul  35  daj  t;  it  takes  five  months  to  fall  through  the 

.same  r. 


Ch.  6101.     RT  Scorpii. 

a  =  16h56"'48s     ,     8  =  —36°  40'      1900. 
A  maximum  of  this  star,  9".8,  was  observed  in  1901  April 

18.  By  the  beginning  of  June  it  had  descended  below 
11 M. 2,  and  so  I  could  not  follow  it  further.  Its  descending 
phase  seems  rapid.  I  am  unable,  as  yet,  to  determine, 
with  certainty,  the  period. 

Ch.  8302.      Y  Sculptoris. 

a  =  23h  3'"  40"    ,     8  =  —30°  40'.5     1900. 
Observations  of  this  star,  made  during  1899,  1900  and 

1901,  seem  to  indicate  a  full  period  of  about  eighteen 
months,  with  irregular  intermediate  secondary  maxima. 

The  star  is  very  irregular  in  its  variation.     The  limits, 
however,  are  not  far  from  7"'. 5  and  8M.5. 


CONTEXTS. 

Mi,  in. mi  ruiCAL  Observations  oi    mi    Satellite  oi   Neptune,  and  oi  Stabs  Near  the  Planet,   v.\   E.  E.  Barnard. 

Observations  oi    Eros,   by  Herberi    R    Morgan. 

New  Sot  milks  Algol-Variable,  bi    Alexander  w.   Roberts, 

OMETRII    M     OBSERT    VTIONS    "I      M6l   STING    A,     PTOLEM  \  l   -    A      LND    TRIESNECKER    B,     BY    E.    E,     BARNARD. 

MAiinx  of  z.i     X VIIIh,  1913,  i.:    Alexander  W.  Roberts. 
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Observation  P]  wi  rs,   bi    Illice  E.  Davis. 
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DEFINITIVE   ORBIT 

By  HENRY 

This  comet  was  discovered  by  W.  E.  Spebba  of  Ran- 
dolph, Ohio,  on  August  31,  although  first  announced  by 
W.  R.  Brooks  of  Geneva.  It  was  already  nearly  two 
months  past  perihelion,  and  the  values  of  A  and  r  were  1.7 
and  1.4  respectively.  It  had  the  appearance  of  a  weak, 
hazy  nebula  of  the  twelfth  magnitude,  with  no  nucleus, 
and  faded  from  sight  quite  rapidly.  The  recorded  obser- 
vations begin  on  Sept.  6,  and  with  the  exception  of  three 
made  nearly  a  month  later  under  rather  difficult  circum- 
stances, all  fall  within  a  period  of  nine  days.  The  entire 
heliocentric  arc  traversed  while  under  observation,  was  less 
than  eighteen  degrees.  Under  these  conditions,  it  is  evi- 
dent that  the  margin  of  uncertainty  must  be  very  large, 
and  but  little  more  than  an  approximation  to  the  true 
brbil  can  be  expected. 

About  two  years  ago,  Mr.  E.  H.  Shepabd,  then  a  student 
in  the  Holden  Observatory,  collected  the  scattered  obser- 
vations, anil  compared  them  with  Lamp's  elements.     These 
elements  are  found  in  A.N.  3381,  and  are  as  follows  : 
T  =   1896  July  10.94419  G.M.T. 

o)  =     41°   2     7*5  ) 

Q,  =  151     2     0.8  -1896.0 
i  =     88  25  35.7  \ 
log  q  =  0.057853 

To  which  correspond  the  equatorial  coordinates, 

x  =  [9.942010]/-  sin  (w +310  9  52*7) 
y  =  [9.786255] r  sin(v  +  174  25  2.6) 
z  =  [9.967420]  r  sin  (v+  53  1  36.0) 
The  comparison-stars  are  either  all  well  determined  A.G. 

stars,  or  are  equatorial  comparisons  with  such,  and  are  as 

follows : 


OF   COMET   1896 IV, 


A. 

PECK. 

No. 

a  1S96.0 

3  1896.0 

Authority 

1 

13  53  51.60 

+  :,:<  23  39.6 

Hels.  A.G.  7767 

•  i 

13  50  10.27 

55     9  59.4 

Hels.  A.G.  7805 

3 

14     0  44.82 

:,:,  18  55.1 

Hels.  A.G.  7820 

1 

11     5     6.67 

55     8  16.4 

Comp.Hels.  A.G.  7856 

5 

1  1    10  33.52 

55     7  21.2 

Hels.  AG.  7884 

6 

14  13  26.61 

54  58  24.8 

f  Hels.  A.G.  7005 
(  Camb.  AG.  4487 

7 

14   16     0.04 

54  55  33.1 

Comp.Hels.  A.G.  7906 

8 

14   16  .~>",17 

54  :>\)     4.0 

Hels.  A.G.  7020 

9 

14   23  50.41 

54   23  28.3 

Camb.  A..G.  1530 

10 

14  25  22.84 

54  31    55.7 

Comp.  Camb.  A.G.  4529 

11 

14  29  50.60 

54  26  20.4 

Comp.  ( lamb.  A.< ;.  1577 

L2 

1-1   40     5.00 

5  1   14     1.5 

Camb.,(Mass.)  A.G.4592 

13 

14  45  47.70 

53  56  20.1 

Camb.. (Mass.)  A.G.4617 

14 

14  48     2.81 

53  40     3.3 

Camb.. ..Mass.  i  A..G.4624 

15 

11  51   55.02 

53  37  IS. 4 

(  Comp.  Camb.  AG.  4615 
|  Comp.  Camb.  A.G.  4636 

16 

16  12  25.84 

48  12  23.9 

Bonn  A.G.  10437 

17 

16  42     4.88 

45  17  34.4 

Bonn  A.G.  1071:; 

18 

16  51   55.47 

+  44     1   21.2 

Comp.  Bonn  A.G.10804 

The  observations  have  been  collected  from  the  usual 
sources.  Dr.  Wilson  and  Dr.  Palisa  have  furnished  cor- 
rections in  manuscript  to  the  Northfield  observation  of 
Sept.  28  and  that  of  Vienna  for  Oct.  6.  In  dealing  with 
material  of  this  character,  the  weighting  of  the  observa- 
tions must  be  somewhat  arbitrary.  For  the  two  first  nor- 
mals an  approximate  value  was  found  and  the  weight  of 
the  various  observations  estimated  by  their  departure  from 
this  mean.  The  Nbrthfield  observation  in  declination 
was  excluded  after  careful  consideration  and  correspon- 
dence with  Dr.  Wilson.  The  residuals  are  in  the  sense 
O-C. 


Observations  of  Comet  1890  IV. 


A  pp.  a 


Par. 


Ja  COS  8 


Wt. 


App.  8 


JS 


Mt.  Ham 

lton 

Sept. 

6.82582 

13  51  44.00 

+  0.33 

-  0.8 

3 

+ 

55 

25     1.4 

+  2.8 

+   6.4 

3 

1 

Munich 

7.37568 

55  33.47 

.39 

-13.1 

1 

2 1     1 .3 

3.2 

10.7 

O 

1 

Toulouse 

7. 1 1266 

56     4.85 

.38 

+  13.5 

1 

20  41.1 

•  >.  I 

22  | 

1 

o 

Munich 

7.52552 

37.69 

.12 

_  5.8 

2 

19  39.9 

5.0 

1.7 

•  i 

1 

Aivet  l'i 

8.32323 

14     2  13.81 

.11 

+  3.8 

2 

13     7.0 

2.0 

9.9 

3 

•J 

Arcetri 


8.32323 


13.60 


.-14 


2.0 


7.4 


2.0 


10.3 


(35) 


36 
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Place 

Time 

A.pp.  a 

Par. 

J«    .'.is  rt 

\vt. 

\|.|i.  S 

Par. 

J8 

Wl. 

* 

Hamburg 

Sept.    8.37531 

1  i"    2™  36.04 

+  <>>>.-. 

+  5.0 

2 

L2  33  6 

+  3."l 

+   6.0 

3 

3 

8.39942 

15.35 

..'!■'! 

-  1.8 

3 

26.9 

3.5 

12.7 

2 

2 

Munich 

8.39978 

16.36 

.37 

+   5.4 

2 

16.1 

4.1 

"  .", 

•  > 

3 

Mt.  Hamilton 

8.70794 

1  54.58 

.49 

-  3.6 

o 

9  35.0 

2.1 

11.0 

3 

4 

Munich 

9.34170 

9   L9.19 

.41 

-18.0 

1 

3  21.0 

2.5 

13.5 

2 

5 

Touli 

9.41213 

51.65 

.42 

+   6.6 

•> 

2  38.1 

3.2 

+  14.6 

•  i 

5 

t (xford 

9.41256 
8.2 

52.48 

.36 

+  11.5 
+  0.6 

1 

25 

1S.0 

3.2 

-   5.3 

+   9.0 

1 
30 

5 

Teramo 

10.31 11' I 

16     8.39 

.45 

+  6.3 

o 

54 

52  37.5 

1.8 

+  3.3 

3 

7 

Bordeaux 

10.39783 

43.79 

.43 

-  1.5 

2 

51  44.6 

2.8 

11.7 

O 

6 

Touh  iuse 

10.40719 

17.83 

.42 

-  0.4 

3 

45.9 

3.0 

19. S 

1 

8 

mse 

11.40324 

23  45.73 

.42 

+  16.9 

1 

39  19.7 

2.9 

8.3 

3 

9 

Mt.  Hamilton 

11.68597 

25  39.10 

.47 

-21.2 

1 

35  42.7 

2.5 

13.6 

o 

10 

Teramo 

12.29746 

29  56.58 

.44 

+   S.9 

2 

27  12.2 

1.5 

+   3.9 

3 

11 

burg 

13.36667 

.".7    17.71 

.39 

+   1.8 

3 

11  20.1 

2.7 

-  O.S 

2 

12 

Edinburg 

14.42770 

1 1  33.90 

32 

+  9.9 

2 

53 

54    16.8 

3.3 

0.3 

2 

13 

Pulkowa 

15.34014 

50  43.47 

.28 

—   5.7 

2 

38  25.8 

3.4 

-   6.3 

1 

14 

Oxford 

15.48619 

12.4 

51  44.46 

.28 

+  10.1 

+   2.4 

1 
19 

:;."■>  56.5 

4.1 

+  1.7 
+   5.3 

21 

15 

Northfield 

2S.68590 

16  13  23.11 

.36 

_   2.3 

3 

48 

9  23.8 

3.1 

+   S.9 

0 

16 

Vienna 

Oct.     4.25562 

12  37.36 

.27 

-10.1 

3 

45 

12  36.4 

1.3 

-28.0 

3 

17 

Vienna 

6.30727 

5.3 

52  35.09 

+  0.30 

-23.S 
-17.0 

3 
6 

+  44 

4  45.0 

+  2.0 

-24.6 

-26.3 

3 

0 

18 

The  equations    of    condition    were    formed    by  Schoxfeld's    method,  and  tested  by  arbitrary  variations  of  the 
ats,  the  coefficients  being  expressed  by  their  logarithms. 


1) 
-' 
3) 

5) 

6, 
7) 


+  9.8297  -dh 

9.8655 

9.9265 

9.9240 

'.).: 3880 

9.1869 
-9.5625 


-9.6432  ksJ~9T  -9.679402   -9.3255  rM.    -9.50609?  -9.77S2     = 


iUW.ol 
9.6504 
9.6198 
9.3163 
9.1904 
+  8.8284 


9.7389 
9.8505 
9.8581 
9.0215 
8.6163 
+  9.5927 


9.1818 
+  8.4384 
S.S16I 
9.6304 
9.6272 
9.4379 


9.4097 
+  8.8529 
9.3090 
9.8109 
9.8551 
9.9308 


-0.3802 
+  0.3617 
+  1.2304 
—  0.9542 
-0.7243 
+  1.4200 


0 


Multiplying  each  equation  by  the  square  root  of  its  weight,  the  normal  equations  are 

-1.3599%   -0.15479A  -0.41589./  -1.9678 

+  1.1373         -9.G794  -9.9320  +1.8174 

+  1.2390        +0.4316  +0.6826  +1.6854 

+  0.4316        +1.0.-.22  +1.2692  -2.0094 

+  0.6826        +1.2692  +1.5021  -1.9136 


+1.4928  dk 

-1.2813 

-1.3599 

-0.1517 
-0.4158 


-1.2813  k  ^VT 

+  1.0888 
+  1.1373 
-0.6794 
-9.9320 


=  0 


li    in   these  is  derived  the  system  of  elimination  equations, 

,,/,     _ 9.7885 k -J~d T  -9.8671 9g   -8.66199A 


-8.9230 P)v  -0.4750 

,,/•      9.83089s   -0.41239A  -0.67043,/  +1.21.-.7 

,>,,   +0.50069A   +0.7271 'A-  -1.7847 

,)\  +0.1827  ,>v   -0.8656 

3v  +1.9460 


=     0 


in  .in  logarithms 

dk  =    +  58.63 

ksJ7,)T  =    -      7.1' 1 

+   82.82 

d\  =    +141.84 

dv  =    -  88.30 


And  the  corresponding  corrections  of  the  elements  are 
,>T  =    -0.001  II 

,/,„  -  +  63.1 

<>Q,  =  -165.0 

di  =  +   26.6 

log  9?  =  +     6.6037 
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On  comparing  the  results  obtained  by  substitution  in  the 
differential  equations  with  the  residuals  between  a  new 
ephemeris  and  the  observations  we  have 


Substitution 

From  Elements 

-0?9 

-1.0 

+  0.4 

0.0 

+  6.1 

+  5.6 

-0.8 

-1.0 

-1.5 

-1.9 

+  1.7 

+  1.9 

+  0.6 

+  0.4 

After  computing  the  probable  errors,  and  collecting  the 
various  results,  the  definitive  elements  are  found  to  be 


T  =   1896  July  10.94275  ±  0.00468  G.M.T. 

u>  =     41°    3  W.6  ±  31.2  ) 
Q,  =  150  59  15.8  ±  21.5  ^1896.0 
i  =     88  26     2.3  ±    4.4  ) 

q   =   1.142895  ±  0.000143 
Syracuse  University,  1901  September  16. 


Equatorial  Coordinates. 
x   =   [9.941819]  r  sin (310° ll'    i.Q  +  v) 
y  =   [9.786535]  r  sin  (174  23     9.9  +  v) 
z   =   [9.967472]  r  sin  (  53     3  37.4+  v) 

In  view  of  the  discordance  of  the  last  three  observations 
in  right-ascension,  it  has  seemed  best  to  investigate  how 
far  a  variation  in  the  assumed  values  would  affect  the 
resulting  elements.  At  the  same  time  a  term  has  been  in- 
troduced to  show  the  effect  of  any  departure  of  the  orbit 
from  the  parabolic  form.  If  we  represent  the  error  of  the 
normal  places  by  Aa1  and  da"  respectively,  and  regard  the 
variation  of  the  eccentricity  as  expressed  in  seconds  of  arc, 
the  elements  need  the  corrections, 

dT  =    +0.000061  Ja'  +0.000447  Jo"  +0.0001801  ,u 


,)w    =    -0.71 

-0.87 

-0.401 

JQ,  =    +0.48 

+  1.92 

+  2.680 

di     =    +0.05 

+  0.02 

-0.382 

dq    =    -0.0000065        -0.0000159       -0.00000470 


RESULTS    OF    OBSERVATIONS    WITH    THE     ZENITH     TELESCOPE,     FLOWER 
OBSERVATORY,    UNIVERSITY   OF   PENNSYLVANIA, 

By  C.  L.  DOOLITTLE. 

The  results  which  follow  are  a  continuation  of  those 
given  in  this  Journal  of  1901  Feb.  5. 

An  asterisk  in  the  margin  indicates  that  the  correspond- 
ing observations  were  made  by  Mr.  Eric  Doolittle.  There 
being  no  adequate  data  for  investigating  the  relative  per- 
sonal equation,  it  is  an  open  question  to  what  extent  these 
results  should  be  combined  with  my  own.  In  this  discus- 
sion only  those  of  May  20-29  inclusive  have  been  employed 
in  the  adjustments  and  in  the  investigation  of  the  aber- 
ration. 


The  observations  from  1890  May  5  to  1891  Aug.  30,  give 
for  this  constant 

20  .560. 

This  value  has  been  employed  in  the  final  latitude 
determination. 

The  results  for  the  latitude  which  follow  are  to  be 
regarded  as  definitive. 


<p 

=  39°  58'+ 

I 

No. 

ii 

No. 

I 

No. 

II 

1300                    " 

Jan.  23    2.45 

10 

2*12 

10 

1900                 I 

Feb   20*  2.26 

1 

" 

31*  2.19 

9 

2.05 

9 

25*  2.05 
26*  2.23 

6 
10 

2.58 

Feb.    1*  2.02 

9 

2.12 

9 

27*  2.14 

10 

.,  ~  .,  27 

9 

3*  2.30 

9 

Mar.    2*  2.03 

7 

2.22 

5*  2.2D 

9 

2.14 

3 

3*  2.30 

10 

2.00 

6*  2.2S 

3 

7*  2.52 

1 

'J*  2.34 

7 

8*  2.20 

10 

13*  2.42 

10 

1.98 

5 

10*  2.34 

') 

18*  2.30 

10 

2.05 

7 

12*  2.43 

9 

19*  2.28 

10 

2.18 

9 

14*  2.7:: 

3 

1900 

klay    5 

2.09 

10 

9 

2.20 

8 

10 

2.17 

10 

12 

1.99 

4 

13 

1.99 

9 

14 

1.86 

10 

15 

1.64 

4 

16 

2.26 

9 

17 

1.95 

10 

20* 

2.30 

8 

21  * 

1.80 

1 

22* 

2.03 

<; 

27* 

1.78 

8 

29* 

2.ol 

5 

III 

No. 

2.(iL' 

9 

1.S2 

8 

1.98 

10 

1.92 

10 

1.99 

10 

2.16 

10 

1.83 

10 

II 

No. 

III 

Xo. 

1900 

// 

it 

June   1 

1.73 

10 

1.94 

10 

3 

2.28 

10 

2.1'.-, 

2 

5 

1.93 

10 

1.92 

10 

6 

1.93 

9 

1.89 

10 

7 

1.85 

8 

2.00 

4 

9 

2.26 

10 

2.25 

lo 

10 

1.71 

ID 

1.S7 

4 

11 

1.92 

4 

19 

2.1:; 

10 

20 

2.03 

10 

21 

2.03 

10 

22 

1.91 

10 

27 

1.77 

4 

30 

1.1)7 

10 

July    1 

2.06 

10 
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in      v.      iv     v.. 


July 


9 

in 

11 
13 

1  l 
1.-. 
16 
17 
L'i» 
21 

24 

•J7 
28 
20 
30 

::| 
Au-.    1 


I  I 
1  I 


Nov. 


[.88 

1.91 
2.01 
2.09 
2.06 
2.06 
2.05 
2.02 
1  92 
1.96 

2.06 

1.95 
2.10 
1.96 

IMS 
2.03 
1.99 
1.92 
2.16 
1.90 


Id  2.02 

..  2.08 

s 

.->  1.71 

in  2.13 

in  2.01 
10        .. 

in  2.10 
10 

LO  1.95 

10  L.96 

o 

o 


15 

2.  1  7. 

9 

17 

2.10 

o 

20 

2.19 

0 

L'l 

2.13 

9 

..-. 

"."7 

o 

24 

2.32 

o 

L'O 

2.25 

9 

■> 

2.19 

'.i 

5 

2.31 

'.' 

6 

2.06 

0 

7 

2.19 

1 

0 

2.1  1 

o 

in 

2.11 

o 

11 

2.33 

s 

12 

2.11 

o 

1.", 

2.13 

o 

1 1 

2  ".'; 

9 

17, 

L6 

2.05 

7 

2.05      9 


10       .. 

in  lmi; 

in  2.12 

:»  2.12 

in  2.09 

in  2.08 

in  2.00 

in  1.98 


III       No.       IV      No. 


I         No.       11       No. 


Jan 

l'o 
22 

2.04 

m 

2.16 

2.33 

s 
6 

25 

2  32 

10 

2.33 

:» 

27 

2.26 

10 

L.98 

2 

31 

2.  1 2 

in 

2.07 

in 

Feb 

1 

2.37, 

1 

9 

2.26 

2 

1 

2.15 

i 

5    2.29     in    2.20     In 


Aus 


0 
in 
13 
14 

17. 
17 


Sept.    2 

4 
5 
9 

11 
L2 

l.'i 
L6 

is 
10 


I 

No. 

2.17 

10 

2  21 ' 

10 

2.20 

10 

2.09 

10 

2.07 

10 

2.1  1 

10 

2.08 

10 

■J  Ar, 

111 

2.23 

10 

2.19 

10 

2:16 

10 

2.16 

9 

1.00 

10 

2.12 

9 

2.21 

in 

2.25 

1 

Feb.    6 


l.oi 
2.00 

1.92 

2.1  1 
I'.ol 

l.on 

2.19 
2.11 


23 


Nm     17    2.20 
L'l     2.00 

22  2.11 

23  2.18 
28  2.20 
30    2.32 

Dec.    2    2.13 
5 
•       16 
17 

1 9       .. 
L'ii 
21 

L'l 

26       .. 
29 

190]      -•' 

Jan.    1 

3      .. 

I 

5 

7 


2.06 
2.04 
2.05 

1.00 
2.16 

L'.L'l 

2.04 
2.20 
2.15 

L'.Ol 

2.12 
2.07 

L'.IS 
1.01 

2.14 
2  06 
2.03 

2.12 
2.13 
2.06 


8    2 


No. 


2.29 

10 

l'..';.~s 

9 

L'.L'n 

L0 

2.33 

in 

L'.L'l 

to 

2.36 

10 

2.38 

LO 

L'.  •">."> 

10 

2.40 

7 

2.19 

in 

2.05 

10 

2.35 

10 

2.16 

9 

L'.l  1 

1 

L'.L'l 

10 

L'.L'l     10 


II  No. 


10    2.15    lo 


8 
9 

10 


.'.L'l     in 
2.38      o 





..  L'.L'l  8 

9  L'.L'l  111 

1L'    2.33    10  2.45  10 

13     L'.L'L'     in        .. 

II    2.32    10 

15    L'.L'L     in  2.23  10 


Feb. 


18 

lo 

L'O 
L'l 

L'l 

25 
26 

L'7 
28 


Mai-. 


May  1 
5 
6 
12 
13 
11 
15 
16 
L'l 


1901 

June30 

July    1 

10 
14 
15 
16 
19 

L'O 
L'l 
L'.'l 
L'l 
L'S 
L'O 
31 
1 


Air. 


2.31 
2.40 

L'.OG 

2.26 

1.00 
2.49 


11 

2.06 
2.56 
L.93 

1.00 

L'.l  1 
L'.Ol 
L.96 
2.04 
1.95 


No.  11      No. 

3  '.. 

9  .. 

..  2.30    lo 

10  .. 

..  2.40    lo 

0  .. 

in  2.04      •". 

in  2.35     lo 

lo  2.38     lo 

10  .. 

..  2.36    lo 


No.  Ill  No. 

8  1  ."93  7 

s  2.19  10 

8  L'.l.-,  10 

7 

..  L'.Ol  0 

10  2.14  lo 
10       .. 

in  2.00  in 

0       .. 

7  1.07  10 


2. 11 
L'.ll 
2.01 
2.06 
1.S0 
2.01 
1.87 
2. 1  2 
2.13 
2.07 
2. on 
2.06 
1.92 

l.on 
2. L'i; 


10 

0 
7 
in 
4 
in 
10 
in 
10 
10 
in 
in 
10 

8 
8 


2     1.97     10 


1        No.      II       No. 


Ill      No.      IV     \o 


L.95 

2.10 
L.96 


2.17 
1.01 
1.86 
l.on 
L.93 

l.ss 

L'.IS 
L'.l:; 


Weighted 
Mean  Date 

191 "  o 

Feb.    L'-   39 


May  1  I 

Juno   5 

21 

July  10 

20 

\u  ■    L3 
Sept.13 

Dot.     I.. 

30 
Nov.  18 


Latitude  No. 

58     2.174  111 

2.236  136 

2.012  L56 

107:;  134 

2.007  r.l 

2. nor,  11;  1 

2.048  L62 

2.070  I  19 

2.102  99 

2.156  Hi 

2.22i;  los 

2.174  171 


.Mar.    0     2.22     In     2.28 


1.02 
2.11 


in 


Apr. 


2.  Hi 
2.20 
2.11 
2  "7> 
2.2  1 

2.:;i 


11 


Aug. 


S 
9 

in 
17 
20 

21 


2.02 
2.01 
L.92 

LSI 
2.14 
2.  in 
1.89 
L'.oc, 
1.86 


_.; 

26  1.07,  1 

27  1.95  10 
L'S  L'.09  10 

20  L'.Ol  10 

30  2.13  10 


Weighted 

Moan  Dale      Latit 

1900  =         ' 

I  in-.  17     39  58 


in 

10 

9 

lo 

..  2.32  lo 
..  2.20  10 
..  2.21  8 
..     2.11       6 

No.     Ill     Nd. 


May 31  2.0:;  0  2.27,  lo 

June  3  2.11  lo  2.14  10 

4  1.93  10  2.13  10 

5  LSI  s  l.os  10 
0  l.s.'i  5  1.86  2 
7  2.33  3  .. 

s  2.21  10  2.16  10 

0  2.06  in  2.10  10 

lo  2.08  lo  2.06  10 


1.95 


iv 

l.os 


1.SI 

1.86 


1.94 
1.87 

2.27. 
1.07 
L'.o.-, 

1.00 
2.16 

1.07 


Jan.      2 

30 
Feb.  1  I 
Mar.     1 

Apr.  2 
.May  12 
June  (', 
July  12 
Au-.    1 


Whole  number 


e     No. 
319   07 


;nn 


60 
I."..-, 
280  128 
270  143 
279  73 
070  140 
or,7,  17,r, 
031  117, 
982  171 
000  110 

200 1 
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THE   PERIOD   OF   ALGOL, 

By  S.  C.  CHANDLER. 


The  examination  of  Prof.  Muller's  important  contri- 
bution in  A. N.  3732-33  has  led  me  to  renew  inquiry  into 
the  minor  inequalities  of  the  period  of  Algol  not  repre- 
sented in  the  elements  in  A.J.  166-167  (Vol.  VII).  The 
existence  of  such  irregularities  is  rendered  probable  by  the 
deviations  0  — (J  in  the  table  on  pp.  174-181,  I.e.,  but  the 
order  of  their  magnitude  is  so  near  that  of  the  errors  of 
observation  that  their  character  is  not  certainly  recogniz- 
able. The  subject  was  scrutinized  when  that  investigation 
was  made  without  arriving  at  definite  conclusions,  and  the 
matter  was  therefore  passed  in  silence.  But  the  compari- 
son of  Miller's  observations  with  others  now  seems  to 
throw  some  light  on  the  question  for  the  particular  inter- 
val embraced  by  them,  and  the  results  may  be  of  some 
significance  and  interest. 

If  we  reduce  Muller's  observations,  A.N.S7Z2,  5.  179 
186  by  means  of  his  light-curve,  s.  194,  using  only  observa- 
tions lying  symmetrically  on  both  sides  of  a  minimum,  and 
giving  reduced  weight  to  those  near  minimum,  we  find  the 
local  times  of  observed  minimum  given  in  the  second 
column  of  the  table  below.  Reducing  them  to  the  sun.  and 
comparing  with  my  elements  and  with  those  employed  by 
Miller  for  the  purpose  of  deducing  his  light-curve,  we 
have  the  columns  0  — Ch.  and  0— Muller. 

Observed  Minima  from  Potsdam  Observations. 

E 


Geocentric  Potsdam  M.T. 

9959  1878  Mar.  9  8  7™ 

10042  Nov.  2  7  43 

10057  Dec.  15  8  7 

10065  1879  Jan.  7  G  51 

10139  Aug.  7  11  5 

10154  Sept.  19  11  20 

10185  Dec.  17  8  22 

10200  1880  Jan.  29  8  43 

10215  Mar.  12  8  56 

10259  July  16  12  45 

10274  Aug.  28  12  57 

10275  Aug.  31  10  8 
10282  Sept.  20  11  34  :: 
10327  1881  Jan.  27  12  12:: 
10329  Feb.   2  5  54 
11172  1887  Sept.  16  8  31  :: 


O — Ch.    O — Muller 


-27.S 
-15.9 

-  5.6 
+   5.7 

-  1.1 
+  6.6 

-  3.5 
+   0.2 

-  5.0 

-  5.8 

-  1.2 
+  21.4 
+    7.7:: 
+   5.3 
+    8.9:: 
+  27.0:: 


-  4.:; 

-  0.3 
-r  8.7 
+  19.0 
+  5.1 
+  11.2 

-  1.8 
+  0.5 

-  6.2 
-11.2 

-  8.1 
+  14.4 
+   0.1:: 

-  3.3:: 
-66.8:: 


Combining  the  data  that  I  have  given  on  pp.  180-182 
/. '..  to  form  normal  minima,  we  have  the  following 
table  : 


Normal  Observed  Minima  from 

E  Heliocentric  Paris  M.T. 

9638  1875  Aug.  $122   35"3 

9660  Nov.  3  0  33.5 

9690  1876  Jan.  28  0  43.8 

9766  Sept.  1  22  40.4 

9779  Oct.  9  5  15.5 

9809  1877  Jan.  3  5  28.3 

9897  Sept.  12  13  6.4 

9931  Dec.  19  0  40.9 

10031  1878  Oct.  1  18  30.4 

10080  1879  Feb.  19  6  40.4 

L0158  Sept.30  21  56.0 

10192  1880  Jan.  6  9  24.1 

10278  Sept.  8  23  44.9 

102S9  Oct.  10  12  48.2 

10302  Nov.  16  19  25.0 

10315  Dec.  24  1  56.4 

10419  1881  Oct.  is  6  15.0 

10457  1882  Feb.  t  5  15.7 

10566  Dec.  13  17  57.5 

L0659  1883  Sept.  6  9  42.9 

100811  Nov.  5  14  41.1 

10836  L885  Jan.  25  -1  55.0 

10933  Oct.  ::i  0  35.2 

11H72  1S86  Dee.  3  1  I  7.8 

11197  1887  Nov.  20  23  40.1 


It  is  clear  that  Muller's  assumption  of  a  period  about 
six  seconds  longer  than  mine,  for  the  interval  187S-1S81, 
does  not  distinctly  conform  better  to  his  own  observed 
minima,  except  for  the  first  two  ;  nor  is  such  a  progressive 
deviation  indicated  by  the  other  observations.  But  both 
series  of  observations  accord  satisfactorily  in  showing  that 
there  was  a  pronounced  negative  deviation  about  the  be- 
ginning of  1878,  a  rise  to  the  first  part  of  1879,  a  decline 
to  the  beginning  of  1880,  and  a  sudden  rise  to  the  end  of 
that  year.  The  other  observations  show  a  decline  from 
1875  to  1878,  and  also  during  1881.      (See  diagram,  p.  40.) 

The  result  of  the  whole  comparison  is  to  strengthen  the 
probability  of  the  real  existence  of  such  short  minor  irregu- 
larities. An  extended  examination  of  the  deviations  since 
1840  gives  no  satisfactory  evidence  that  they  possess  any 
regular  periodic  character. 

It  is  to  be  regretted  that  the  observations  of  the  minima 
have  in  recent  years  fallen  much  into  neglect.  A  persis- 
tent and  continuous  record  of  at  least  a  dozen  minima  annu- 
ally is  needed  for  the  elucidation  of  this  and  kindred 
questions  relating  to  this  important  star. 


OTHER    O 

BSERYA 

O— Ch. 

O — Muller 

+  s"';; 

+ 

02.2 

+  11.6 

+ 

63.6 

—   3.7 

+ 

45.5 

0.0 

+ 

42.1 

+    4.5 

+ 

in. S 

-12.8 

+ 

25.2 

-13.6 

+ 

16.0 

-12.9 

+ 

5.3 

+   4.3 

+ 

21.0 

+  20.7 

+ 

32.6 

+   5.9 

+ 

10.2 

-   6.9 

— 

5.9 

+  12.7 

+ 

5.4 

+  18.7 

+ 

10.3 

+  21.1 

+ 

1 1 .1 

+  10.7 

+ 

5.0 

—   5.3 

— 

20.0 

-  3.0 

— 

25.4 

-   4.2 

— 

.",7.2 

2  0 

— 

15.5 

-  9.6 

— 

55.2 

+    4.0 

— 

56.6 

14.9 

— 

SI.O 

-   7.8 

— 

76.0 

-    5.8 

_ 

02.1 
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Deviations    from   elements    of  A.J.  vol.  VII,  p.  17^ 
For      Potsdam     observations  ■  ,  ,      . 

other  ••  * 

MiJLLER'S    Elements    minus    Ch.   


With  regard  to  the  period  in  general,  the  diagram  on 
p.  I.  representing  its  variations  will  be  instructive.  The 
broken  line  gives  its  values  according  to  observa- 
tion, found  from  the  data  on  p.  172,  A. J.,  Vol.  VII,  and  from 
such  minima  as  have  been  published  since,  so  far  a.s  they 
are  accessible  to  me  at  this  writing.  The  dotted  curve 
given  in  the  place  cited,  and  the 
continuous  curve  the  new  elements  which  will  be  found 
below. 

It  will  be  seen  that  the  actual  course  of  observation  has 
satisfactorily  verified  the  prediction  that  the  protracted  in- 
terval of  general  decrease  which  began  about  1830  and  had 
coutinued  up  to  the  time  of  the  publication  of  that  paper 
would  owed  by  a  long  interval  of  increase.     The 

beginning  of  this  increase  indeed  set  in  immediately  after, 
rather  earlier  than  the  elements  indicated.  It  is  manifest 
bhe  length  of  the  principal  inequality,  which  was 
there  assumed  as  18000  periods  (coefficient  ,V,°  =  0°.020) 
is  considerably  shorter  than  that.      The   new   value    now 

adopted.  15 •  periods  (coefficient  0°.024),  cannot  be  very 

far  from  the  truth. 
The  new  element 
1888  .1  in.  3d  8    :  1   .2  (Gr.  M.T.)  +2"  20b  48"°  55-.60E' 

+  M7-1  sin  (0°.024.E    •  226  >  +  22»  sim  ,';  7^  +  216°) 
where     E>  =  E  -  11210, 

koned,  according  to  established  usage,  from  the 
minimum  on   ISOii  ,1 

period  by  these  element 
18    55  60  •   3'.694  sin(133°-0°.024  E) 

+  1'.784  sin (16°-    ,'.  / 


The  values  given  by  this  expression  are  represented  in 
the  continuous  curve  of  the  diagram  on  p.  42. 

The  following  tables  of  observed  normal  epochs  and 
periods  give  the  comparison  of  observation  with  the  above 
elements.  The  first  two  columns  are  copied  from  the  simi- 
lar table  on  p.  172.  I.e.,  the  additional  epochs  found  from 
recenl  observations,  as  hereafter  described,  being  marked 
with  asterisks.  The  column  y,  is  the  deviation,  O  — C,  from 
the  epoch  and  mean  period  given  above,  without  the  peri- 
odical inequalities,  and  is  found  by  subtracting  from  the 
column  I'j  of  the  similar  table  in  Vol.  VII  the  difference 
between  the  two  sets  of  elements  without  the  periodical 
terms,  or 

17-.0   +0'.175E  =  +49"\7    +0M7.1A" 

The  4th  and  Gth  columns  give  the  periodica]  terms,  and 
the  columns  <■.,.  v3,  are  the  residuals  after  their  successive 
subtraction.  The  comparison  of  each  sine-term  with  the 
column  immediately  preceding  it  will  leave  little  reason- 
able doubt  as  to  the  reality  of  these  inequalities.  The 
third  periodica]  term  of  the  former  elements  has  been 
omitted,  because,  whether  real  or  not,  its  very  small  coef- 
ficient (3ra.o)  is  so  uearlj  masked  by  accidental  errors  of 
observation  and  occasional  temporary  irregularities,  like 
those  made  palpable  earlier  in  this  article,  that  it  is  practi- 
cally insignificant . 

The  second  part  of  the  table,  giving  the  observed  and 
computed  periods,  is  found  from  the  data  of  the  lirst  por- 
tion by  taking  differences  of  alternate  epochs,  except  when 
the  intervals  are  very  large  when  differences  of  adja- 
cent epochs  are  used.      It  should   be  noted  that  the  column 
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of  computed  periods  gives  the  average  period  for  each  in- 
terval according  to  the  elements.  For  short  intervals  it  will 
correspond  exactly  with  the  period  computed  for  the  mid- 
dle epoch  in  column  E,  but  will  necessarily  differ  slightly 


when  the  interval  is  large.  This  will  account  for  any  small 
differences  which  appear  between  the  computed  values  in 
the  table  and  the  chart. 


Comparison  of  Observed   Epochs  and  Periods  with  Elements. 


Mean  Epoch 

-  2058.2 

-  1612.5 

-  1194.3 

-  608.8 

-  118.9 
+   2100.2 

3150.0 
5212.9 
5512.8 
6055.2 
6486.4 
6856.7 
7019.2 
7252.9 
7477.1 
7823.9 

8225.3 

S435.1 

8825.1 

9084.7 

9267.6 

9451.2 

9712.9 

10035. 1 

10175.0* 

10473.0 

11103.0 

11427.0* 

120S4.0* 

12209.0* 

12322.0* 

12460.0* 

+  12963.0* 


Wt. 

12.5 

4.0 

4.5 

3.0 

3.5 

3.0 

1.0 

13.0 

5.0 

11.5 

10.5 

16.0 

36.5 

20.0 

35.0 

18.5 

9.0 

28.5 

27.5 

24.5 

17.5 

23.0 

12.0 

10.5 

14.0 

1  5.5 

8.0 

.'  > .  5 

1.0 

9.0 

4.0 
7.0 
1.0 


-178.9 

—  155.6 
-135.6 
-106.9 

-  85.3 
+  22.6 
+  58.2 
+  154.3 
+  160.1 
+  134.1 
+  119.7 
+  106.0 
+  102.6 
+  89.3 
+  79.:; 
+  67.3 
+  54.8 
+  50.9 
+  41.3 
+  29.5 
+  23.0 
+  16.6 


-  34.1 

-  47.3 

-  62.2 
-115.5 
-129.9 
-160.5 
-153.1 

-  153.5 
-155.0 
-161.6 


First 
Sine-term 

-146.9 
-145.5 
-139.5 
-124.2 
-105.5 
-t-  18.9 
+  79.1 
+  145.6 
+  117.0 
+  143.6 
+  135.7 
+  125.3 
+  119.8 
+  110.9 
+  101.3 
+  84.9 
+  63.6 
+  51.7 
+  28.6 
+  13.0 
+     1.6 

-  9.7 

-  25.7 

-  45.0 

-  53.1 

-  69.7 
-101.1 
-114.5 
-135.3 
-137.2 
-140.3 
-142.6 
-146.9 


-32.0 
-10.1 
+  3.9 

+  17.3 
+  20.2 
+  3.7 
-20.9 
+  8.7 
+  13.1 

-  9.5 
-16.0 
-19.3 
-17.2 
-21.6 
-22.0 
-17.6 

-  8.8 

-  0.8 
+  12.7 
+ 16.5 
+  21.4 
+26.3 
+  1S.0 
+  10.9 
+  5.S 
+  7.5 
-14.4 
-15.4 
-25.2 
-15.9 
-13.2 
-12.4 
-14.7 


Second 
Sine-term 

-2L9 
-16.9 

-  6.9 
+  10.0 
+  19.8 
-18.1 
-15.3 
+  20.0 
+  14.S 
+  0.2 
-11.9 
-19  3 
-21.1 
-22.0 
-20.8 
-15.4 

-  5.1 
+  1.0 
+  11.8 
+  17.5 
+  20.2 
+  21.7 
+  21.6 
+  17.9 
+  15.2 
+  7.8 
-10.2 
-17.5 
-21.4 
-20.3 
-18.7 
-16.3 


O— C 

-101 

+  6.8 
+  10.8 
+  7.3 
+  0.4 
+  21.8 

-  5.6 
-11.3 

-  1.7 

-  9.7 

-  4.1 
0.0 

+  3.9 
+  0.4 

-  1.2 


1.8 
0.9 
1.0 
1.2 
4.6 
3.6 
7.0 
9.4 
o..", 
4.2 
2.1 
—  3.8 
+  4.4 

+  :>.:, 

+  3.9 
-11.1 


+ 


+ 


+ 


E 

-  1626 

-  1111 

-  657 
+  991 
+  2625 
+  41S1 

5634 
6000 
6456 
6753 
7055 
7248 
7538 
7S51 
S130 
8525 
8760 

'.HI  |C, 
920S 

9490 
9743 

9944 
10254 
10639 
10950 
11593 
11818 
1220.". 
123:;5 
12642 


Wt. 
3 


Period  2'1  20h  48"+ 


Obs'd 

58!e 

58.5 
58.4 
58.5 
57.6 
58.4 

54.2 
53.1 
53.5 
53.7 
53.1 
52.6 
53.3 
53.6 
54.0 
54.3 
53.6 
53.1 
53.5 
51.5 
50.4 
50.5 
51.7 
51.2 
51.3 
52.9 
53.6 
57.6 
55.1 
54.9 


Comp'd 

57!2 
58.5 
59.0 
57.9 
59.2 
58.6 

54.1 
53.3 
52.8 
52.8 
53.0 
53.2 
53.6 
53.8 
54.0 
53.8 
53.6 
53.1 
52.6 
52.1 
51.6 
51.2 
50.8 
50.0 
51.2 
52.S 
53.6 
55.0 
55.4 
56.4 


O— C 

+  L4 
0.0 
-0.6 
+  0.6 
-1.6 
-0.2 

+  0.1 
-0.2 
+  0.7 
+  0.9 
+  0.1 
-0.6 
-0.3 
-0.2 

0.0 
+  0.5 

0.0 

0.0 
+  0.9 
-0.6 
-1.2 
-0.7 
+  0.9 
+  o.:; 
+  0.1 
+  0.1 

0.0 
+  2.6 
-0.3 
-1.5 


It  remains  to  give  the  additional  later  observations  used 
to  form  the  normals  indicated  by  an  asterisk  in  the  fore- 
going table.  Those  of  Muller  have  already  been  given 
above.     Besides  these  I  have  used  the  following  : 

E  Heliocentric  Greenw.  M.T.  O — Cu.  Observer 

11223  1888  Feb.  9  12  45?6  -1.0  Sawyer 

11577  1890  Nov.  20  13  30.0  +32.0  Yendell 

11607  1891  Feb.  14  13  7.8  -15.7 

12066  1894  Sept.  22  15  20.5  +11.6  « 

12082  Nov.  7  12  47.1  +36.0  " 

12089  27  1  I  23.9  +31.0  " 

12007  Dec.  20  12  40.0  +18.7  " 

12195  1895  Sept.  27  12  39.1  +25.4  Nijland 

12196  30  9  38.6    +36.0      " 

12202  Oct.   17  14  42.1  +46.2  " 

12203  20  11  21.5         +36.7  " 


E 

12204 
12205 
12225 
12235 
L2257 
12308 
12323 
12:121 
L2330 
12453 
L2458 
12  150 
12IOO 
12461 
12470 
L2473 
L2963 


Heliocentric  Greenw.  M.T. 
1895  Oct. 


Dec. 

1896  Jan. 
Mar. 
Aug. 
Sept. 
Oct. 

1897  Oct. 


Nov, 

Dec. 

1901  Oct. 


23  8  22.2 

26  5  1.1 

22  13  23.2 
20  5  42.1 

23  7  42.4 
16  13  1.0 
28  13  20.7 

1  10  14.5 
18  15  10.9 

0  7  9.2 

20  15  37.8 

2:;  12  12.4 

26  9 
20 

15  10  49.6 

2  15  21.6 
S  14  58.0 


0.9 

11.0 


O— Cn. 

+  is.'o 
+  38.6 
+  43.0 
+  5M.1 
+58.0 
+43.5 
+49.8 
+44.8 
+  57.S 
+  42.2 
+  00.1 
+  52.0 
+  51.0 
+  46.7 
+  5S.0 
+36.6 
+  45.7 


Nijland 


Cha 


idler 


T  Ii  K     A  ST  RONO  M  IC  A  L     .1  o  D  I;  N  A  L. 


N0-.-.(i;» 


The  comparison,  0  Ch.,  is  with  the  elements  of  A.J., 
Vol.  VII.  '  on  billing  into  means  we  have  the  following 
corrections : 


E 

0— Ch. 

(  cut. 

1  )r\ .  from. 
Nev  i 

1D17.-. 

_.-).(> 

-   9  1 

11427 

+    7.2 

0.0 

+   2.1 

12084 

•  24.1 

o  n 

-  3.8 

12209 

■   11  7 

-4.0 

+   4.4 

12322 

16.0 

1  0 

+  5.5 

12427 

•   18.9 

-4.0 

+  3.9 

L2963 

•  15  7 

0.0 

— 11.1 

The  systematic  corrections  are  those  required  to  i 

3i  honi  i  i  d's  light-curve,  and  have  been  ob- 

of  that  curve  with  those  of  M  i  llee 

Nut  wi>.     Those  oi  Vimmii   require  no  such  modifi- 


cation, since   Schonfeld's    curve   was   employed    in    the 
reduction  of  1  he  ob  sei  <  a1  ions. 

It  should  be  added  that  it  is  no1  practicable  al  the  time 
of  this  writing  to  secure  completeness  in  the  list  of  ob  ei 
vat  ions  made  or  published  since    1  ^s?.  as   the    results  of 
Plassman,  1  >i  m'  i;  and  others  are  not  accessible. 

In  conclusion  it  maj  be  well  to  note  a  correction  of  some 
importance  in  Nijland's  valuable papei  in  IJV.3695,  .422. 
By  a  slight  oversight  the  correction  of +2".545  which  he 
obtained  for  the  period  between  the  epoch  of  my  elements, 
E  =  11210,  and  thai  of  the  mean  of  his  observations,  is 
there  applied  to  the  mean  period  2d  20h  18'  55*.425  of  my 
elements.     But  i1  should  have  been  appliei 

forthal  partirular  interval  1>\  llmse  elements.  Tims 
his  equation  for  the  observed  average  period  between  L888 
and  1896  should  have  been  2d  20"  I8m  51  .503  +  2'.545  = 
•_■■  20    is'   5  I  .05,     instead  of     2*  20h  18"  7,7  .97. 


Period  of  Algol,     2    20    18    55'.6 #  +  3'.694  sin(133°.0-0°.024^)  +  1-.784  sin(16°-    ,'./•'' 

E;  -1500  0  +1500  1-3000  *  4500  +  6000  +  7500  +9000         '+10500  1  +13500 


il   h    in     a 


(  OKRIGENDUM. 
In  the  observations  of  Neptune,   A. J.  508,  the  time  used  is  B*  0™  0    slon   oi  Greenwich, 
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Definitive  Orbit  of  Comet  1896 IV,   by   Henri    A.  Peck, 

Results  of  Observations  w Zenith  1 >     Flower  Observatory,  University  oj    Pennsylvania, 

r.l     C.    I..    DOOLITTLE. 

Tin    Period  of  Algol,  by  S.  C.  <  bandler. 
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A   GENERAL    METHOD    OF    DETERMINING    THE   ELEMENTS    OF   ORBITS   OF 
ALL   ECCENTRICITIES   FROM   THREE   OBSERVATIONS, 

By  F.  R.  MOTJLTCW. 


1.  Introduction.  In  1801  Gauss  devised  a  very  gen- 
eral and  elegant  method  of  determining  the  elements  of 
elliptic,  parabolic  and  hyperbolic  orbits.  Very  few  im- 
provements have  been  made  upon  his  method,  as  expounded 
in  the  Theoria  Motus,  in  form  of  demonstration,  or  clear- 
ness, or  even  in  the  notation  employed.  The  reason  is  that 
the  work  is  particularly  perfect  both  theoretically  and 
practically,  as  well  as  the  fact  that  the  determination  "1 
orbits  presents  few  questions  of  much  mathematical  interest 
compared  to  those  arising  in  the  problems  of  Celestial 
Mechanics.  Notwithstanding  the  perfection  of  this  method, 
in  the  case  of  comets'  orbits  which  are  provisionally  assumed 
to  be  parabolic,  the  method  of  Olbeijs.  which  was  developed 
a  little  previous  to  that  of  Gauss,  has  been  in  almost  uni- 
versal use  for  over  a  century  with  no  essential  changes 
except  in  the  treatment  of  certain  critical  cases  which 
sometimes  arise. 

The  method  of  Olbeks  is  very  convenient  in  practice, 
but  can  be  applied  only  when  it  is  known  that  the  orbit  is 
a  parabola.  Since  it  lacks  that  generality  which  is  desir- 
able it  will  not  be  discussed  further  here. 

The  method  of  Gauss  consists  of  two  distinct  parts : 
(a)  The  determination  of  two  heliocentric  distances  at  the 
epochs  of  the  first  and  last  observations;  and  (#),  the 
determination  of  the  elements  from  the  two  positions  which 
are  known  when  (a)  has  been  solved,  and  from  the  interval 
of  time  which  it  has  taken,  the  body  to  move  from  one  to 
the  other. 

The  solution  of  (a)  is  given  in  the  first  section  of  the 
second  book  of  the  Theoria  Motus,  hut  the  notation  of 
\Y  \  i  sun  with  only  slight  changes  will  be  adopted  here,  as 
being  more  generally  accessible.  Let  r  and  p  with  the 
subscripts  1.  -  and  3,  represent  the  heliocentric  and  geocen- 
tric distances  respectively  at  the  epochs  of  the  three  obser- 
vations.    Then  the  billowing  equation  determini 

»'o  sin4~  =  sin(sqF£)  (1) 

where  m0  and  £  are  given  by  the  observations. 
\\  ltson's  Theoretical  Astronomy,  p.  236,  eq.  (40). 


After  z  has  been  found  >:,  and  p.,  are  given  by  the  equa- 
tions * 


1,'.,  sin^ 


P= 


l!,sm  , 


(2) 


where  L'„  is  the  geocentric  distance  of  the  sun  at  /.. .  and 
f2  is  given  by  the  observations.  The  heliocentric  distances 
at  the  epochs  /,  and  A.  are  next  computed  from  t 


=  M, 


-   .]/," 


f+M1- 

N 

n 

5+*:(l- 

y 

(3) 


in  which  the  right  members  are  entirely  known. 

Then  the  heliocentric  coordinates  are  found  by  solving 
the  triangle  formed  by  the  earth,  sun,  and  body  at  the 
epochs  f,  and  t3. 

Equation  (1)  depends  upon  the  fact  that  the  orbit  of  the 
unknown  body  is  in  a  plane  passing  through  the  center  of 
the  sun,  and  that  the  law  of  areas  with  respect  to  the  sun 
a:  origin  is  fulfilled.  Equations  (2)  depend  upon  the  fact 
that  the  earth,  sun  and  body  form  a  triangle.  Equations 
(.3)  depend  upon  the  same  things  as  one.  Therefore,  the 
work  so  far  is  equally  valid  <unl  convenient  for  all  species  of 
conic  sections. 

It  is  in  part  (7;),  after  the  node  and  inclination  have 
been  found,  that  the  chief  difficulties  in  the  method  of 
Gauss  arise.  The  processes  are  explained  in  the  Theoria 
Motus,  Aits.  88-109,  pp.  114-151,  in  Carl  Haase's  trans- 
lation into  the  German,  and  in  Watson's  Theoretical 
Astronomy,  pp.  247-264.  The  formulas  are  very  compli- 
cated, and  the  eliminations  of  unknowns  are  tedious. 
Moreover,  the  processes  of  computation  are  different  for 
eai  li  of  the  three  species  of  conies.  This  must  be  regarded 
as  being  a  serious  fault  in  the  method,  since  there  is  dynam- 
ically no  singularity  for  the  eccentricity  equal  to  unity. 


\\  vtson's  Theoretical  Astronomy,  pp.  235-6,  eqs.  (3 
Watson's  Theoretical  Astronomy,  p.  228,  eqs.  (18). 


•)  and  (41). 


II 
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The  method  which  follows  in  this  paper  involves  only 

very  simple  formulas,  is  mathematically  direct  and  simple, 

convenient  putation,  and  is  precisely  the 

same  for  all  species  of   conii        The  onlj    objection  that 

can  be  raised  against  it  is  that  it  ran  not  be  applied  when 

the    intervals    between    the    observations    arc   indefinitely 

This  is,   i  i  I   oo  practical  importance,  be- 

iture  of  the  problem  the  observations  will 

be  invariably  neai  and  besides  part  (a),  which  is 

employed  in  the  method  of  G  w  ss,  requires  that  they  shall 

from  each  other. 

2.     Method  of  Computing  an  Approximate  Value  of 
iii i -  Parameter.     In  the  method  of  i i  wss  the  coordinates 
re  used  only  in  getting  those  at  tl  and  t... 
method  the  coordinates  at  all  three  of  the 
epochs,  all  of  which  arc  computed  in  part  (a),  will  he  used. 
Three  points  on  the  conic  and  one  of  its  foci  are  known. 
Letermine  the  conic  uniquely,  and  the  most  obvious 
-  would  be  to  find  the  elements  from  these  geometri- 
cal considerations.     There  is  no  theoretical  difficulty  what- 
ever, I  points  would  be  in  practice  near  together, 
the  elements  would   be  poorly  defined  numerically.     This 
is  an  essential  difficulty  which  cannot  be  overcome  by  any 
c  in  dealing  with  the  equations. 
Instead  oi   making  the  determination  depend  upon  the 
itry  of  the  problem  alone,  the  dynamical  conditions 
will  be  introduced  bj  employing  the  law  of  areas.     It  will 
be   observed   that   this   Involves   the    same   things  funda- 
illy  as  the  method  of  Gai  ss.  and  that  it  cannot  be 
fore,  unless  the  peculiar  artifices  employed 
appropriate  to  the  problem. 
-    ppose  the  node  and  inclination  and  arguments  of  lati- 
tude have  been  computed  by  the  usual  methods.     Let  v 
sent  the   true  anomaly,  and    u  the  argument   of  the 
latitude,  or  the   longitude  from   the  ascending  node.      The 

nl  /-.and  later  the  elements  • and    7',  are  to  be 

determined  from  the  data  /, .  t...  I...    /■  .  ,-,_..  /■.,.    ult  u2  and  llz . 
[n  the  Gauss  t„,  r2  and  u, .  were  not  used. 

I     •    expi  •■  law  of  areas  is 


whence 

1 


di  —  /'-'/c    =  /•-'/» 


' 


II   r2  were  expn  the  integral  in  the 

d  be  found,  givini 
Chi      due  of  r    trhet    u  =  Ms(viz.  /•'-'  =  »-2)  is  known,  and  for 
from  this  /•-  may  be  expanded  in  a 
converg 


L  9u    J„=„, 


e.  =  i 


d*Jf) 

9ir 


In  an  unknown  orbit  the  coefficients  of  series  (5)  are  un- 
known, but  it  will  now  be  shown  how  a  sufficient  number 

may  1 asily  obtained   in  order  to  define  the  integral  (4) 

with  the  desired  degree  of  accuracy  in  the  problems  which 
actually  arise.  Let  the  questions  of  the  realm  and  rapidity 
of  convergence  be  left  aside  until  the  formal  developments 
have  been  completed.  By  hypothesis  the  radii  and  argu- 
ments of  latitude  at  the  epochs  tt  and  ta  tire  known.  Hence 
(5)  becomes  for  these  epochs 

(<) 

r\  =  li  +  r](ui—  «l.)4-C2(i/1  —  K2)2+c3(iq  —  M2)84-C4(Mj— Mj)44-.  .  . 

»:;=    'l  +  'V  ":.-"»)  +Cn("3—  »2)2 +  '';>( "3— "2)3  +  ''4("3—"2)4+-  •• 


For  abbreviation  let 


(Tj    =   «3 

°-o  =  u. 


(8) 


£i  =  cs(u1—usy+ci(u1-ui)H-...  =  —caaf^pta-i-es<4+cef4-... 

t3    =  ci(u3—u„)s+ci(/i.,—  u„y+...=     r3o-:l+r4(Ti1+r.(T:{+rl.(T''+.  .  . 

Then  equations  (7)  may  be  written 


+  c,  o-,  4- 


!„  0-?    =    r'r. 


(9) 


Solving  these  equations  for  c1  and  c  ,  it  is  found  that 
_   ~  "'i  -  {i)  gf  +  (? 'I  —  h)  <4  —  rl  Oi — <n)     \ 


o-  o-  o-3 

(''l-£l)0-l+    (ri-«8)^8  —  rl^l 


(10) 


(T1  <T„  o\,  J 

These  equations  become,  on  substituting  the  values  of  c, 
and  «..  and  reducing, 

—  A  cr?  +  )%  <t\  —  r\  (cr:  -  cr;) 

Cj    =     —  <z    °1  °3   —   Ci  <*\  "3  (""I—  °3> 


—  c.  ,rl  cr..  ( cr2  —  3<T!  cr3) 

r2o-,4-  rlo- —  no-, 


,0-jO-  (al  +  af) (o-t  — o-3)  — .  . 


h  O1  —  <rs)  —  c4  (°s  —  3oi  03) 


■ ' ,  f  0-3)  (""I  -  "-3)  -  ^("j  -  "-,  "■=  +  of  of  —  a- of  4-  <rj)  — .  .  . 

Let  t  i .">)  be  substituted  for  r5  in  1  1  1,  and   the 

integration    performed.     It   is   easily  found   that,   in   the 
notation  of  (8), 

(12) 

'■■"     '   ■■    ■'        "   '    •■:"■''"       '    1   '";      "'' 
+  J(oi+of)  +  J(o1-o|)4-^(<7l-r.o-J)+  •  -. 
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Substituting  the  expressions  for  c,  and  e3  given  in  (11), 
this  equation  reduces  to 

(13) 

OCT^  <T3  0(T3  OO^ 

,      ,  r  ;  r    o-S  ,  I  f 

J7T  (o-l— o-j)—  j^y^i(<Ti  —  a3)-  +  a-l<r.^—  -  ^(o-^fo-J+o^) 

+  Tjj  o-^oi<r3  +  6o-^  — 6<rJo|  +  6(7j(r*  +  <T1o-5  -  8(trJ  +  or°) }  +.  .  . 

If  the  second  observation  divides  the  whole  interval  into 
two  nearly  equal  parts,  as  generally  will  be  the  case  in 
practice,  <rl  and  <r,  will  be  nearly  equal.  Let  their  differ- 
ence be  £.     Then 


.+1 


(14) 


1+0-,  = 


Equation  (13)  becomes  considerably  simplified  if  these 
expressions  for  <t,  and  -r.  are  substituted  in  its  right  mem- 
ber, the  result  being 


(15) 


T- +T- —  (Jos  — ffi)  +  ,~    (2oi— <r8) 

OO-iO-g  ()(T3  CXTj 


— ir—  -fee (a| +l0£-)  -  ir"  M+3^> 


336 


(a-5+28o-?2e-  +  35a-;£4)  + 


Au  approximate  value  of  /)  may  be  obtained  by  neglect- 
ing in  (15)  the  unknown  terms  in  the  right  member.  The 
discussion  of  the  degree  of  the  approximation  under  vari- 
ous possible  conditions  will  be  taken  up  later.  The  known 
terms  of  (15)  give 

(16)  w*<*-*0  =  5^+ife  ^-^  +  ^  v*—* 

The  right  member  is  numerically  well  determined,  since 
it  is  the  sum  of  positive  numbers.  It  may  be  remarked 
that  this  is  a  generalized  form  of  Cotes's  method  of  find- 
ing the  approximate  value  of  a  definite  integral.  In  Com  s's 
formula  the  interval  is  divided  into  equal  parts  with  re- 
3pec1  i"  the  independent  variable,  but  here  the  intervals 
are  in  general  unequal,  being  determined  by  the  observa- 
tions. To  obtain  Cotes's  formula  suppose  o-,  =  o-3,  when 
(16)  be* 


(17) 


*vp;ft-*i)  =  1  M+'i+^K 


which  is  the  correct  form  for  the  function  under  coi 


ation.  When  rrl  and  a.  are  very  nearly  equal  (17)  may  be 
used  in  place  of  (1G)  if  it  is  desired. 

3.     Method    of    Computing  Approximate  Valves  of 
the  eccentbicttv  and    longitude  of  the  perihelion. 

Let  e0  and  <o0  represent  approximate  values  of  the  eccen- 
tricity, and  the  longitude  of  the  perihelion  from  the  ascend- 
ing node.  They  are  defined  by  the  polar  equation  of  the 
conic  at  the  epochs  tx  and  ts,  which  may  be  written 


/'„- 


cos  (Wl -«,,„)  =7"VI 


e0  cos(hs  —  u0)  = 


Po-rz 


(IS) 


But 


":',  -    ">o    =    («S-"l)    +    "l 


which,  substituted  in  the  second  equation  of  (18),  gives, 
after  expansion  and  easy  reductions  by  means  of  the  first 
equation, 

(19) 

,  1 

<>0  sin  <//!-<«„)  = 


!&=5oo.(S-«I)-*=5J 


sin  1  us—u}  1 

e0cos(Wl-%)  =;-^-1 

'1 

whence 

(20) 

taimq-o,)  =  -:— -)cos(m8-m1)-^^  .  '-'-[ 

sin(«8-«]    (  p0-r,      ra) 

>\  =  ^F^1sec(w1-o0) 

Or,  taking  the  sum  and  difference  of  equations  (IS',  and 
reducing  by  well-known  trigonometrical  formulas,  it  is 
found  that 

(21) 

2e0  I  cos  I  1  u1+«i-2«^  cos  \  ,  [u  -  «,)    =-?V^i  +  ^o^i 


S 

2e0  \  >inU  u1+«,-2«b)  sin  K«s~"i)  \  "^Zh  -^^ 
which  define  «  and  e0  uniquely  since  e0>0. 


1.       CORRECTION  OF  THE  APPROXIMATE  ELEMENTS.     With 

the  approximate  values  of  p.  e,  and  <o  the  unknown  coef- 
ficients «...  <-,.  1   .  and  c,  of  equation  (15)  may  be  con  p 

From  the  equation 

P* 


-        [l+ecos(«-o>)]s 
and  equations  (6)  it  is  found  that 
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LI)  {H  —  <u)COS(m  —  at)  I 

I ri  _■ /-.  TT4 


—  I    I 


cot]4  [l  +  ecos(w— o))]6 

i  -  sin-  («  —  .,,  !esi  os2l  "  —  w) 


12  [H  ...)]3      [l  +  ecos(M-u)]4     4[I     ecos(M-<o)]4 


6<    -in  <  cos  (m—  o>)         5< '  sin'  i  it— <u) 

r-l  -l ~_  /-..        "~\T6 


'  —  (o) 


[l  +  ecos(j<  [l  +  eeos(!t  — o))]' 

3< -  sin  i  a  —  c.i  ens  i  a  —  „,\  2e8sin8(?<     m) 


22 


»)]•  -I  [l  +  reOs(«-<o)]4  [l  +  eCOS(M  — (o)]6 


3essin(M— «o)  cos2(k  — en)      L0e4sin8(w— <o)  cos(m  —  u>)         6e6sinB(w— a>) 

+        [l  +  ecos(«-o))]«       "*  [l  +  ecos(w-co)]»        +  [1+e  cos  (w- to)]7 


If  — (1)) 


+ 


.'<  -  sin- 1  //  —  ,„) 


i  2COS2l  t<       ...  i 


360[l  +  ecos(«-H3      15[J  -r-ecos(w-u)]4      8[1  +  ecos(tt-<«)]4 

COS8  (h  —  0>) 


2[1  +ccos(«-o))]6      3[l  +  ecos(M— <«)] 


5e" sin'-(«  —  (u)  cos (m  — u) 
2[l  +  ecos(M-o))]6 
10e4  sin4  («  —  <■))  15e4sin2(«     o>)  coss(«— a>) 


2  [1  +  e  cos  («-«)]• 


1 5i  Bsin4(w— <o)  cos(m  — u)         i  e6  sin6  («—<«) 

I  rl      i      . /-.  \H7 


[1  +  C  COS  (M  — 0))]' 


[1  +  e  cos(?t  —  w)]8 


^Vllell  <•.,,  c4,  '■,  and  c,  have  been  computed  from  these 

equations  (15)  and  (19)  or  (21)  should  be  used  again  to 

^  and  '■     It  will  be  aoticed  that  the  series  (15) 

has  been  developed   in  such  a  way  that  the  terms  used  in 

-t  computation  require  no  alterations. 

The  time  of  perihelion   passage,   '/'.  is  to  be   computed 

from  the  law  of  ureas  in  the  usual  manner. 

Convergence  oe  the  Sikhs  Employed.  Up  to 
the  presenl  time  astronomers  have  been  generally  con- 
•  series  which  they  have  found  it  convenient  to 
employ  give  satisfactory  results  in  practice,  without  enter- 
ing into  the  question  of  their  convergence.  In  accordance 
camples  are  appended  to  this  pa  per 
illustrating  the  method  for  both  asteroid  and  cometarj 
orbits.  Nevertheless,  a  direct  investigation  of  the  limits 
of  con  id  the  accuracy  attained  when  only  the 

first  terms   are   taken,   makes   a   solid    Inundation    for    the 
work.  -   one   to   proceed    with   entire   confidence 

within  the  prescribed  limits.      Therefore  these  questions 
will  be  investigated. 

1-    ?ill   be  shown  first  that  series  (15),  which  is  the  one 

■    e,ha  m  agi  "i  c a  gence  i 

and    then   the   radius   of  convergence  of  (5)  will  lie   investi- 
gated.    Suppose  it.  lias  been    found   thai    series  (5)  i     con- 

L2)  has  a   radius  of 
convergence  equally  grea!        For,   if    v^v,  o\,<e. 

i   ■ally-  greater   than,   or   at    t  he 
least  equal  to,  the  numerical  value  oi   the  correspo 
term  ol  t  he  series 

(23)  <7   +    I  r.lT1  +    $CtO*  +    \  %<**  +    ■   ■   ■ 

l>e  replaced  by  or  in  the  rath  term  mul- 


tiplied —  the  nth  term  of  (23)  will  be  obtained.  For 
even*  finite  value  of  <r  there  is  always  a  finite  number  N 

2<r 
such  that,  for  every  n  >  i\r,  —  <  1.    Consequently,  after  the 

first  X  terms,  the  terms  of  (23)  are  respectively  numerically 
less  than  the  absolute  values  of  the  corresponding  terms  of 
(5).  l'>y  hypothesis  (5)  converges  for  |m  —  w2|  <<r;  therefore 
(23),  and  a  fortiori  (12),  also  converges  for  at  least  as  large 
a  value  of  o-.     Q.E.I). 

It  will  be  shown  that  series  (15)  has  the  same  radius  of 
convergence  as  (12).  Series  (13)  is  just  another  form  of 
(15),  and  may  be  considered  instead  of  it.  The  question  is 
then  how  (12)  and  (13)  are  related.  The  auxiliaries  e,  and 
e8,  defined  in  (8),  are  series  in  (tq— ws)  and  («3— v2)  and, 
being  the  higher  terms  of  (5),  are,  by  hypothesis,  conver- 
gent if  [Wj— wJ  fS<r  ,  j"3— »o[  5so\  Then  c,  and  cs,  defined 
in  (10),  are  linear  functions  of  the  series  e,  and  t3  and,  there- 
fore, are  convergent  if  o^  <  cr ,  <r3<  <r.  Series  (13),  beyond 
the  first  three  terms,  is  the  sum  of  ( 12).  beyond  the  first 
three  terms,  and  linear  functions  of  the  series  t,  and  «... 
Since  these  series  are  all  convergent  if  <r,  <?  o- ,  <r3  <;  <r,  (13), 
ami  consequently  (15),  is  convergent  under  the  same  con- 
ditions.    Q.E.D. 

Consider,  therefore,  the  series  (5).  The  quantity  r5  is 
expressed  in  terms  of  u  by  the  polar  equation  of  the  conic. 

r 


[l  +  ecos(w— <u)]a 

Lei    a  —m  =  i\,    from  which  it   follow-,   thai    v,   is  the 
true   anomaly   al    the   epoch  tt.      Then    the    polar    equation 

.2  l'~ 


[1+e  COS  V 


(24) 
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The  question  is  for  what  values  of  v  is  r-  expressible  as 
a  converging  power  series  in  >'  —  >:,  =  u —  «j.  The  limit  of 
this  region  of  convergency  is  evidently  a  function  of  e  and 
?;a,  but  independent  of  p,  and  it  is  proposed  to  discuss  it  as 
a  function  of  these  parameters. 

r-  is  a  uniform  analytic  function  of  v  having  conse- 
quently  no  branch  points,  and  it  follows  from  the  way  in 
which  v  enters  that  there  are  no  essential  singularities. 
It  remains  to  discover  the  location  of  the  poles  as  fund  ions 
of  e.  Then,  according  to  the  researches  of  Cauciiv  in 
the  Theory  of  Functions,  the  series  will  converge  for  all 
values  of  v— va  whose  moduli  are  less  than  the  least  modu- 
lus of  those  values  of  v—v2  for  which  the  function  has  a 
pole. 

The  condition  for  a  pole  of  ( 1'  I 

(25)  0  =  1  +  e  cos« 

For  values  of  e  less  than  unity  there  is  no  real  value  of 
v  satisfying  this  equation.  Even  if  this  were  not  so  it 
would  be  necessary  to  consider  complex  values  of  tin'  ar  ;u- 
ment  of  the  expansion  in  order  to  find  the  true  radius  of 
convergency.     Suppose  v  has  the  form 

'•  =    ■''  +  ■s/'=i    U 
where  x  and  y  are  real  numbers.     Substituting  in  (25)  and 
expanding,  it  is  found  that 

(26)  0  =  1  +  e  cos./-  cos(v'ITY  y)  —  e  sin.--  sin  -J—i  y 

In  order  that  this  equation  may  be  fulfilled  the  real  and 
imaginary  parts  must  be  separately  equal  to  zero.  Since 
the  sine  of  a  pure  imaginary  is  a  pure  imaginary  while  the 
cosine  is  real,  and  e  being  real,  it  follows  thai 

0  =  1  +  /'  cos.c  cos  (V— I  y) 

0  =  e  sin./-  sin  (V^l   if) 

The  poles  are  given  by  those  values  of  x  and  y  which 
satisfy  these  equations  simultaneously.  Then  the  radius 
of  convergence  of  i  5    is 


(27)  | 


(28) 


R  =  y/ (x—vtf+y2 


where  x  and  y  satisfy  (21  )  and  give  the  smallest  (a      y  r 
and  >/". 

Consider  the  second  equation  of  (27  I.      If  e  is  no1 
is  satisfied  only  by  either 

(a)     y  =  0,    or 

(l>)         X    =     II 17. 

where  n  is  zero  or  any  im 

(a)     Case  y  =  0.     In  this  case  the  first  equation  of  (27) 
becomes 

(29)  0  =  1  +  e  cos  a.' 

There  is  no  solution  of  this  equation  if* 

the  solution  is 

X    =     (2,1+1)  TT 


<  1.     [f  e  =  1 


where  n  is  zero  or  any  integer.  It  will  be  convenient  to 
let  v„  run  from  —  it  to  +tt,  and,  the  function  being  even, 
the  radius  of  convergence  is  the  same  for  numerically  equal 
positive  and  negative  values  of  y2;  hence  it  will  be  suf- 
ficient to  consider  the  former.  As  that  pole  is  sought 
whose  corresponding  v— v2has  the  smallest  modulus,  n  must 
be  put  equal  to  zero,  giving 

./■  =  7r     ,     y  =  0 

Consider  the  case  where  e>l.     Equation   (29)  maybe 
written 

0  =  1  +  e  cos(.r  +  2«7r) 

which  gives,  on  solving, 


X  =    —2llir  +  COS  (  


1)  It  —  COS" 
IN 


■  (2». 


The  principal  positive  value  of  cos-1!-]  is  to  be  taken, 
and  //  is  to  be  chosen  so  that  the  modulus  of  x  —  r„  shall 
be  the  least  possible.  It  follows  that  it  is  necessary  to 
take    ii   =  0,    whence 


X   —    V„    =    7T 


fi,     = 


y  =  0 


(30) 


In  the  hyperbola  r„  varies  only  from 
'1 


(=1 
\  ■ 


■7T  +  COS-' 


to  cos_1( 


Hence,  as  /•.,  varies  from  0  to    cos-1 
1 


-1 


B  varies  from 

1 


-  1  to  0,  the  sums  of  i\,  and  U  being  tt  — cos 
It  is  not  known  whether  these  poles  give  the  radii  of  con 
vergence  until  those  defined  by  (b)  have  been  examined. 

"i  Case  x  =  iitt.  hi  this  case  the  first  equation  of 
(27)  in -comes 

0  =  1  +  (-l)v  cos(V-i  y)  (31 1 

Since  cos  (yj—i  >/)  is  a  real  positive  number  for  all  values 
of  //this  equation  can  be  satisfied  only  if  n  is  odd.  and  the 
pole  whose  corresponding  /•  —  /•„  has  the  smallest  modulus 
is  the  one  for  which  n  =  1.     Hence  (31)  becomes 


0  =  1  —  e  cos  (V— l  .'/)  =  1  —  e  cos  hy 


(32) 


The  minimum  value  of  cos  (V^T  .'/)  is  unity,  therefore 
equa  ion  (32)  can  be  satisfied  only  if  e^l.  When  e  =  1 
equation  (32)  is  satisfied  only  by  y  =  0.  which  is  the  same 
result  as  found  in  case  («).  Hence  the  two  series  of  poles 
given  by  (a)  and  (b)  merge  for  6  =  1,  but  do  not  overlap. 
ll  follows  that  the  poles  of  (a)  give  the  true  radii  of  con- 
vergence for  e>l,  and  that  the  poles  of  (/>)  give  them  for 

6<1. 
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\  rarii     from  zero  to  infinity  cos (V— i  y)  's  :U1  '"" 

ag  monotonic  function  whose  lower  limit  is  unit]  and 
upper  limit  infinity.  There  is.  therefore,  one.  and  only 
one,  soli  12    for  every  e<l.     This  solution  is 

,—.*•$-*>   "  -.'  ") 

Iience  the  radius  of  convergence  for   e<l    i      ivenbj 
(34)        B      J    -        ia+|cosA-l(- 


It  follows  from  (33)  thai   the  value  of  y  satisfying  (32) 
is  independi  at  i  Cot    equently,  if  '■,  be  given  such  a 

value  that  the  numerical  value  of  x-   <:.  shall  be  a  mini- 
mum, the  minimum  radius  of  convergence -will  be  found. 
a  this  case  x  =  *■  it  follows  thatthe  minimum  radius 
0f  C0I]  =  tr,  and.  in  a  similar  manner, 

tire  maximum  for  r.,  =  0;  hence  the  theorem: 

y/,,  the  case  of  an  elliptic  orbit,  is  convergent 

forth,  if  the  body  is  at  perihelion 

at  A.    and  for  the  smallest   if  it   is  at  aphelion,  decreasing 
continuously  from  the  first  position  to  the  second. 

It  should  be  remarked  that  this  is  a  specially  favorable 

condition  ot  affairs,  for  in  the  orbits  of  the  periodic  comets, 

the  radius  of  convergence   is  the  least,  the  method 

will  be  applied  always  when  the  comet  is   not  far  from 

perihelion. 

Xhe  radii  oi  convergi  ace  are  given  1>\  equations  (30)  and 

upon  the  two  pan iters  e  and  r,,.  (30) 

when  <>l  and  (34)  when  0<e<l.  If  R,  v, 
ami  e  be  taken  as  running  coordinates  these  equations  de- 
fine the  portion  of  a  -u  face  contained  between  the  planes 
v„  =  0  and  c,  =  Tr,  and  e  =  0  and  e  =  oo .  Thedistance 
of  this  surface  from  the  y2e-plane  at  any  point  is  the  radius 
of  convergence  foi  the  corresponding  values  of  the  para- 
of  the  shape  of  this  surface  can  be  best 
obtained  by  intersecting  it  with  the  planes  ■  =  constant. 
When  this  constanl  is  less  than  unity  equation  (34),  in 
which  //and  vt  are  the  running  coordinates,  gives  the  cor- 
responding curve.  When  this  equation  isrationalized.it 
becomes 

L  +  Vl^ 


,     („-.,'-  [iog(l±^E?)J_ 


This  is  the  equation  i  i         iteral  Ir  perbola  whose 

major-axis  coincides  with    the    line    <■_.  =  ir,    whose  cen- 

l;       0,    '■..  —  ir,    and  who  are  distant 


from  the  v.  axis.     The  branch  below  the 


r„-axis  was  introduced   in  rationalizing  (34)  and  is  foreign 

.  ,  !,       When  <        0  tl 
bolaisat    /.'  —  co,  ing  continually  as  e 


Increasi  »,  becoming  zero  when  ,■  =  1.  For  this  value  of  e 
the  hyperbola  degenerates  into  two  orthogonal  lines,  inter- 
secting at  I!  =  0,  y,  =  it,  ami  making  angles  of  15°  and 
1 35    «  iiii  i  lie  v  axis. 

When  ,  >  1  equation  (30)  defines  the  curve  of  intersec- 
tion of  the  plane  e  =  constant  and  the  surface.  This  is 
the  equation  of  a  itraight  line  making  an  angle  of  135° 
with  the  ivaxis.  A  direcl  computation  from  (30)  and  (34) 
gives  the  following  table  of  radii  of  convergence: 

Table  I. 


e 

r..  =  0 

i\  =  00° 

»2  =  120° 

Bj  =  180° 

o.o 

i;  -oo 

R  =  oo 

B  =  00 

Ii   =  00 

0.02 

225 

181° 

148° 

L35 

0.1 

204 

1.-.1 

1  13 

95 

0.2 

196 

1 13 

98 

78 

0.3 

191' 

138 

90 

67 

u.l 

190 

134 

85 

60 

Q.6 

is: 

130 

77 

IS 

0.8 

184 

126 

72 

38 

1.0 

IS!) 

120 

60 

0 

1.2 

147 

87 

'21 

_ 

1.4 

134 

74 

14 

_ 

1.6 

129 

69 

9 

- 

00 

90 

30 

-. 

- 

When     e  =  oo      R  =  0     for     v.,  =  90° 

From  the  table  it  is  seen  that  in  all  cases  which  actually 
arise  in  practice  the  limits  of  convergence  of  series  (5),  and 
consequently  of  (15),  are  verj  large.  In  the  case  of  an 
asteroid  orbit  with  the  exceptionally  high  eccentricity  of 
0.3,  and  in  the  most  unfavorable  case  when  the  asteroid  is 
at  aphelion,  the  series  converges  for  \alucs  of  u  C.7  each 
side  of  ii.,,  giving  a  range  of  134°  between  the  first  and 
third  observations  for  which  the  series  are  valid.  Since  the 
asteroids  move  only  about  one-fourth  of  a  degree  daily,  the 
series  is  convergent  when  the  whole  interval  of  time  is  not 
more  than  536  days.  It  is  needless  to  remark  that  this  is 
many  times  the  interval  which  would  be  used  in  actual 
practice. 

In  the  ease  of  the  Orbits  of  COmetS  the  second  observa- 
tion is  rarely  made  when  thecomet  is  more  than  90"  from 
perihelion,  and  it  is  seen  from  the  (aide  that,  unless  the 
perihelion  distance  i  exceedingly  .  mall,  or  the  eccentricity 
much  greaterthan  that  in  anj  orbit  yet  computed,  the  region 
of  convergence  is  many  times  greater  than  the  heliocentric 
motion  would  lie  in  the  short  interval by  the  obser- 
vations for  a  preliminary 

6.  The  Accuracy  Attained  in  Using  a  Given  Ndm- 
Terms.  It  is  a  question  of  importance  whether 
the  elements  computed  from  a  given  number  of  terms  of 
(15)  have  the  desired  degree  of  accuracy.  It  is  clearly  use- 
to  carry  the  computation  to  more  decimals  than  the 
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precision  of  the  observations  would  warrant.  The  probable 
errors  of  micrometrical  measurements,  and  the  still  greater 
uncertainties  in  the  positions  of  the  comparison-stars  are 
such  that,  as  seems  to  be  shown  by  experience  in  computa- 
tion, a  preliminary  orbit  is  seldom  exact  in  the  fifth  place 
in  the  logarithms  of  the  elements.  Even  if  the  data  would 
admit  of  greater  accuracy  in  the  determination  of  the  ele- 
ments there  would  benoobjectin  carrying  the  computation 
further.  Therefore,  the  question  will  be  raised  within 
what  limit  <r1  and  <r:1  must  be  in  order  that  the  preliminary 
orbit  shall  be  exact  to  five  places,  and  likewise  the  same 
limit  when  the  first  two  correction  terms  of  (15)  have  been 
added.  That  is,  a1  and  o-.,  must  be  determined  so  that  the 
remainder  of  the  scries  beyond  the  first  terms  shall  not  be 
large  enough  to  change  p  by  one  unit  in  the  fifth  place. 
The  remainder  of  the  series  is  divided  by  k(ts—t^)  and 
the  whole  right  member  squared  in  order  to  get  p.  If 
/■  1 1 .  —  t)  should  be  near  unity,  as  will  be  found  to  be  true, 
the  remainder  will  change  p  by  twice  its  amount  in  conse- 
quence of  the  squaring.  Consequently,  the  superior  limit- 
to  the  remainder  for  the  proposed  degree  of  accuracy  should 
be  five  units  in  the  sixth  place. 

It  is  proposed  to  develop  the  explicit  formulas  for  the 
determination  of  the  limit  to  cr,  and  o\.  in  order  to  insure 
any  degree  of  accuracy,  and  then  to  apply  them  numerically 
to  a  sufficient  number  of  examples  to  enable  one  to  find 
from  the  preliminary  orbit  and  the  tables  to  follow,  by 
mere  inspection,  save  in  exceptional  cases,  how  many  terms 
of  (15)  must  be  employed.  Suppose  <xx  =  o-., ,  then  the 
fourth  and  sixth  terms  of  (15)  vanish.  Nevertheless,  it 
follows  from  the  way  that  (15)  was  built  up  that  the  re- 
mainder is  larger  than  it  would  be  if  one  of  ux  and  <r3  were 
smaller  than  their  supposed  common  value.  Suppose  the 
remainder  of  the  series  must  be   77.     Then  the  condition  is 


=   ".  cr:  +  a,  cr;  + 


(36) 


where 


120 


336 


When  r]  =  0  o*  =  0  is  a  solution.  Consequently, 
when  i]  is  different  from  zero  but  sufficiently  small  o-.,  may 
be  expressed  in  a  convergent  power  series  in  A?/1  \  where  A 
is  any  fifth  root  of  unity.*  Only  one  A  is  real,  viz.,  A  =  1. 
Therefore,  there  is  but  one  real  series,  which  is  the  one 
having  meaning  in  the  problem.  The  series  will  have  the 
form 


5  +  >'.,  if  :'  +  \ 


(37) 


where     1>X,  /<„ ,  />,  ■  .  .      are    coefficients    to   be    determined. 
To  find  them,  substitute  (37  1  in  (36),  which  gives 

V  =  ".-,  b\  '/+•"'";.  ''I  ''■■  'f  ''+ '">".-,  ,:\  hv.  >f  +  1°":,  h\  hl  if  6+»,  \  )//5+-  ■  ■ 

Since  (37)  has  a  finite  realm  of  convergency,  this  ex- 
pression is  an  identity  in  yf  '•'■  with  the  coefficients  of  cor- 
responding powers  equal.     Comparing  them,  it  is  found  that 


Then  (37)  becomes 


=  f^0,> 


-14c, 


120, 


(38) 


To  apply  this  formula  and  make  the  corrections  to  (15), 
the  following  tables  were  computed  from  (22). 

•Jobdan,  Cows  tV Analyse,  2d  edition,  Vol.  I,  p.  342. 


Table  II. 


e 

v.,  =  0 

v,  =  30° 

v,  =  60° 

»2  =  00° 

v„  =  120 

r,  =  150° 

r„  =  1S0° 

0.0 
0.2 

-3,  =  o 

P 

0 

p 
+.0086 

p 

+  .0050 

-  .0346 

p 

-       .12:12 

-     .1598 

4  =  0 
P 
0 

0.4 

0 

+  .0432 

+  .1002 

+  .1227 

-   .22:..-. 

-     1.1000 

0 

0.6 

0 

+  .0725 

r  .2361 

+  .6640 

+    .8863 

-    5.4615 

0 

0.8 

0 

+  .0922 

+.3795 

+1.7813 

+   9.6226 

-    4.3803 

0 

1.0 

II 

+  .1090 

+  .5132 

f-3.6667 

+  80.8293 

+  7471.0 

_ 

1.2 

0 

+  .1091 

+  .6290 

+  L400 

+  350.02 

- 

- 

e 
0.0 

0.2 

}>- 

+  .0048 

\  =  0 

V 

+  .0036 

r 

4  =  0 
p 

-.0080 

-,  =  0 

P 

-   .0320 

-,  =  0 

P 

-     .0  121 

-i  =  0 
P 

+     .0269 

+   .1058 

0.4 

+  .0191 

+  .0235 

+.0289 

-  .0320 

-    .3521 

-     .170.-, 

+  1.0802 

0.6 

1  .0290 

+  .0467 

+  .1241 

+  .2880 

-    .5640 

-    5.  lose, 

+  11.3282 

0.8 

K0343 

+  .0656 

+  .2613 

+  1.4080 

+   7.2.-,:;  1 

-   66.3584 

+308.:::;;;:; 

1.0 

+  .0365 

+  .0795 

+  .4107 

+  l.oood 

+  99.3333 

+  24910.0 

_ 

1.2 

K0367 

+  .0884 

K5826 

f-8.9280 

+  1013.30 

- 

- 

.-.II 
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Tablj    III 


e 

r,  =0 

r-  - 

Bo  =  0 

v..  =   90 

d.  =  180 

1.0 

0 

.0344 

I'- 

+  4.olf.7 

%  =  0 
p 

%  =  +.0001 
'   0082 

\  =  _     0099 
+3.8 » 

\  =  +.1247 

ibove,  i/  It  put  equal  bo  five  units  in 

.001 •  >.  and  let  equation  (38)  be  ap- 

al   values  of  cA  and  ■ ,  can  be  sub- 

\   ■        e  a  steroid 

D   =   2.4115    will    In'   a    lair  assumption,   anil    in   the 

A   the  orbits  of  comets  p  —  2,  though  in  the  latter 

is  a  much  wider  range  of  variation.     Ii  is  seen  that, 

with  the  value  of  ?;  assumed  above,  the  second  term  of  (38) 


is  m  n  small  compared  to  the  first ;  hence,  in  the  practical 
determination  of  o-„,  p enters  in  the  inverse  two-fifths  power. 

When  /'   is  n. it    remote  fr unitj    tin'   value  of   o-„   will 

change,  therefore,  verj  slowly  as  p  varies,  and  the  table 
which  follows,  depending  upon  the  two  other  arguments, 
r  ami  v  ,  will  give  a  good  idea  of  the  limits  to  <r„  in  any 
case  which  will  actually  arise.  Expressing  cr,  in  degrees, 
equation  (38)  ami  Table  II  gives  the  following  table: 


Table   IV 


■ 

B,  =  0 

v.,  =  30° 

B2  =  60' 

v,  =  90° 

B2  =  120' 

v.,  =  150° 

B„  =  1S0° 

0.0 

2.41 1  £      0  2 

CT,    =    CO 

26.6 

(7.,   =    CO 

28  " 

(T,   =  CO 

24 .11 

cr, ,  =  CO 

1 8  2 

cr,  =  CO 

17.2 

cr,  =  CO 

is  8 

cr.,  =  CO 

1  l.:; 

11. 1 

20.2 

19.3 

18.6 

L8.2 

1  1 .3 

10.6 

9.0 

11. 1; 

20.0 

18. 2 

14.9 

12.6 

11.1 

7.1 

6.1 

-0 
u           In 

[1.2 

L9.3 
19.1 

17.li 
16.3 

L2.9 

1  1.7 

9.2 

7.o 

6.6 
3.9 

4.3 
1.3 

3.1 

10.1 

16.0 

11.0 

6.4 

2.5 

- 

3ligh1   irregularities  in  the  numbers  oi 
unt  of  the   manner  in   which   cA  cl 
sign,  and  from  the  fact  that  the  second  term  in  (38)   svas 
neglected. 

-     ipose  the  firsi  two  corrective  terms  in  (15)  are  added, 

;  the  limit  of  ,T,  be  found  such  that  the  resulting  ex- 

..■n   by  the  first  five  terms  of   the  series  shall 

have  a  ree  of  accuracy.     Letting  ij  represent  the 

fore,  it  is  found  thai   the  equal  i torres- 

ponding  to  (38 


-er+ 


Putting  -q  equa    to  .000005  and  makin  2  use  oi  Table  III. 
low  ing  table  was  computed  : 


T  A  1:1. 1 

V. 

Bo  =  0 

t>2=  'en 

b2  =180 

0.3  ) 
p  =  2.4115  > 
e  =  1.0 

2.0        J" 

cr.,  =  66.7 

37.5 

<r.,  =  34°6 
1 5.6 

cr.,  =    2  1.1 

rmine  at  a 

1,  if  the 


first' two  will  suffice.     If  the  firsi  two  are  required  it  will 

raieh  be  :essary  to  compute  e,  and  c4  from  (22),  as  their 

values  can   be  interpolated   from  Table  II    with    sufficient 
accuracy.     It  was  for  this  purpose  that  Table  II  wa 
puted  for  so  many  values  of  the  argument.-.. 

It  is  seen  from  Tables  IV  and  V  that  the  are  of  conver- 
gence is  greater  at  perihelion  than  al  aphelion,  but,  on  the 
other  hand,  the  body  moves  more  slowly  at  aphelion.  It 
will  be  of  interesl  to  express  this  radius  oi  sufficiently 
rapid  convergence  in  days.     The  integral  of  areas  is 


=  Hi 


It    will  be  sufficiently  accurate  for  presenl   purposes  to 
take  as  t be  integral  of  tins  equation 


■>,)  =  *Vp  &-0 


*  .  p 


,111 


This  equation  will  give  too  great  a  value  of   tt—  i,  when 

y,  =180    and    too  small  a  value   when    r,  =  0.      Oi    Course, 

the  rigorous  formula  could   be  used,  but  it  would  require  a 

deal  more  work,  a  bi      carcel] 

ii  10)  and  Table  1  \ 
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Table  VI. 


B2  =  0 

».,  =  30° 

Co  =  60° 

v.2  =  90° 

v,  =  120° 

r2  =  150° 

iv  =  180° 

il 

d 

d 

d 

d 

d 

d 

f«  =  o.o 

CO 

co 

00 

CO 

CO 

co 

CO 

V 

=  2,llloJ  e  =  0.2 

70.2 

77.9 

75. 1 

69.1 

80.7 

1H4.5 

84.9 

le  =  0.4 

39.2 

40.4 

49.0 

69.1 

67.1 

94.3 

95.0 

re  =  0.6 

!  e  =  0.8 

22.4 

22.6 

25.3 

36.2 

65.0 

88.3 

109.4 

17.1 

17.1 

18.9 

26.4 

52.6 

131.0 

222  (i 

V 

=  2          -j  e  =  1.0 

13.7 

13.4 

14.9 

21.5 

44.7 

208.0 

- 

U  =  1.2 

11.3 

11.0 

12.3 

18.4 

44. S 

- 

- 

Equation  (40)  and  Table  V  give 
Table  VII. 


o2  =  0 

b2  =  90 :       c,  =  180° 

c  =  0.3  ) 
,,  =  2.4115    \ 

e  =  1.0  ) 
P  =  2.0          \ 

d 

150. 

24.5 

.1 
131. 

10.8 

131. 

The  value  of  the  Gaussian  constant  /.•  is  about  ^s  .  Hence 
it  follows  from  Table  VI  (remembering  that  the  numbers 
are  too  small  when  i\,  =  0)  that,  in  the  case  of  an  asteroid 
orbit,  the  first  three  terms  of  i  15)  will  give  p  accurate  to 
sixth  place  when  the  interval  of  time  covered  by  the  obser- 
vations is  not  greater  than  40  days,  and  that  the  first  five 
terms  will  give  the  same  accuracy  when  the  interval  is  not 
greater  than  1(H)  days.  The  average  eccentricity  of  the 
asteroid  orbits  is  about  0.14;  hence  the  limits  for  the  aver- 
age orbit  would  be  very  much  greater  than  those  just  given, 
which  are  computed  for  the  most  unfavorable  cases  that 
have  yet  arisen  in  about  500  orbits. 

In  the  case  of  the  orbits  of  comets  the  first  three  terms 
of  (15)  will  give  p  accurate  to  the  sixth  place  when  the  in- 
terval of  time  covered  by  the  observations  does  not  exceed 
10  days,  unless,;  should  happen  to  be  very  small,  and  the 
first  five  terms  will  give  the  same  accuracy  when  the  inter- 
val is  not  greater  than  20  days.  These  intervals  are  suffi- 
ciently large  for  all  practical  purposes  in  the  computation 
of  preliminary  orbits. 

7.  Illustrative  Example —  Elliptic  Orbit.  It  was 
intended  to  compare  the  method  developed  above  with  that 
of  Gauss  upon  an  example  given  in  one  of  the  standard 
works  on  the  Theory  of  Orbits,  as  that  of  Watson,  Oppol- 
zer,  or  Tisserand,  but  they  have  all  selected  orbits  with 

such  small eiitricities  (0.19,  0.190.  and  0.12  respectively), 

and  such  short  intervals  of  .time  (14.  33,  and  4  7  days  re- 
aped i\  d\  i,  that  their  examples  furnish  only  a  mild  1 1 
the   theory.     In   every   case,   starting    where   this   method 
deviates  from  that  of  Gauss,  equations  (16)  and  (20)  gave 
the  correct  elements  with  a  few  minutes'  computation. 


In  order  to  avoid  the  work  which  is  common  to  the  two 
methods  let  the  start  be  made  with  an  assumed  orbit,  and 
let  the  radii  and  arguments  of  latitude  be  computed  by  the 
usual  methods,  and  let  the  inverse  process  of  finding  the 
elements  be  carried  out  by  the  methods  explained  above. 
This  will  be  in  every  respect  as  good  a  test  as  an  actual 
orbit,  and  will  save  considerable  work. 

Assume  the  exceptionally  high  eccentricity  0.3,  and  take 
the  intervals  of  time  30  and  35  clays.     Then 


a  =  2.65 
e  =  0.3 
p  =  2.4115 

log,,  =  o.;;s22N7 


t1—T=  30  days 
t.-T  =  60    " 
f-  T  =  90    " 


Let  M  represent  the  mean  anomaly,  E  the  eccentric 
anomaly,  and  v  the  true  anomaly  ;  then  it  is  found  by  the 
usual  formulas  that 


M  =  6  51  15.1 
J/,  =  13  42  30.2 

M'.  =  21  42  17.8 

log  r  =  0.271036 
log  J-  =  0.278811 
log  /  =  0.293215 


E  =  9  46  17.2 
E.  =  19  25  29.5 
El  =  30  24  14.7 

log  o-,  =  9.399679 
log  <r2  =  9.078856 
log  v..  =  9.354815 


=  13  17  19.3 
=  26  15  31.1 
=  40  38  24.2 

<r1=  0.251003 
o-2  =  0.477371 
tr„  =  0.226368 


Suppose  <d  =  30°,  then  the  arguments  of  latitude  are 
given  by  it,  =  i\  +  m(i  =  1,2,3).     Then  equation  (16)  gives 

/,-V"o  (J,-^)  =  1.152245  +  0.247(124  +  0.337128 

whence 

log,;0  =  0.382308 

Then  equations  (20)  give 

w0  =  29°  59'  43".4     ,     ea  =  0.30005S 

It  is  seen  from  Table  IV  that  it  will  be  necessary  to  add 
the  fourth  and  fifth  terms  as  corrections.  It  is  found 
from  equations  (22),  or  Table  II,  that  r3  =  0.130840, 
et  =  0.057310.  Then  the  fourth  and  fifth  terms  of  (15) 
are  respectively  —0.000029  and  —0.000013,  whence  it  is 
found  by  (15)  and  (20)  that 

log  p  =  0.382287     ,     u>  =  30   0' 0".0     .     e  =  0.300000 

ng  to  the  sixth  place  with  the  elements  which  were 
assumed  on  the  start. 
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8,        [LLUSTE  \  I  n  E      Ex  V.MPL1  I'  IK  IBOLII      I  IRBIT.         In 

the  i  u-abolic 

orbit  ■■'  "'   lMl1*' 

in  Oppolzer  6  days.      It    Follows  from  Table  VI  that  no 
erins  would  be  required  in  this  case.     While  6 
,jayS  ;s  a  [a  ora  preliminary  orbit  let  the  method 

test  by  using  an  interval  of  22 
q  =  1  ,  p  =  2      .      *j-  T  =  20 
....  r_'  days.     Then    it    is    found 

:      nulas  that 


26  51    17.1 

;«  I  1.2 

50    I'.t  37.4 

0.212766 
0.418395 
0.205629 

77,.   Ci,;r.  rsity  of  Chicago,  1901. 


0.024073 

0.088399 

■ >  =  30° 


log  <r, 

lOg  <r., 


=  9.32790S 

9.62158'J 

=  9.31308c 


Thei  L6    gives 

X;Vpo(*8-'i)  =  0-351798  +  0.075204  4- 0.108284 

whence 

/,„  =  2.000612 

Equations  (20)  give 

a,  =  30    0'  10".3     .     -   =  1.000550 

The  values  of  c.  and  e.  are  found  from  (22),  or  Table  II, 

to   i  i   respectively    0.651730  and    0.483972.     The   fourth 

and  fifth   terms  of   (15)  are  respectively       0.000028  and 

0. 1052.     Then  equation  i  L5)  and  (20 

logj9  =  0.301034     .     (u  =  30°0'l".0     ,     e  =  1.000018 
which  is  more  than  accurate  enough  for  practical  purposes. 
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ON   THE   USE   OF   THE 


SPHERO-CONIC 

By  G.  W.   HILL. 


IN   ASTRONOMY  * 


If  a  planet  circulating  about  the  Sun  in  an  elliptic  orbit 
is  viewed  from  a  fixed  point  its  apparent  path  as  projected 
on  the  celestial  sphere  is  a  curve  named  a  sphero-conic. 
This  curve  is  divided  into  symmetrical  quadrants  by  two 
great  circles  at  right-angles  to  each  other,  and  intersecting 
at  a  point  called  the  center.  The  subject  is  especially  in- 
teresting as  showing  what  would  be  the  apparent  course  of 
any  planet  as  viewed  from  the  Earth  if  the  latter  were 
stopped  at  any  point  of  its  orbit.  The  two  envelopes  of 
all  these  curves,  when  the  Earth  is  made  to  take  all  po- 
sitions in  its  orbit,  evidently  embrace  between  them  the 
zodiac  of  the  planet.  A  valuable  application  is  also  found 
in  the  secular  perturbations  of  one  planet  by  another. 

The  paths  of  the  superior  major  planets,  as  seen  from 
any  point  of  the  Earth's  orbit,  do  not  greatly  deviate  from 
a  great  circle;  but  those  of  Mercury  and  Venus  take  a 
spindle-shaped  form  which  is  of  great  interest.  Hence,  we 
propose  to  illustrate  the  matter  in  the  case  of  Venus,  as  it 
would  be  viewed  from  the  point  of  the  Earth's  orbit  where 
the  eccentric  anomaly  is  90°.  The  necessary  values  of  the 
elements  of  the  problem  are  taken  from  Prof.  Nbwcomb's 
Tables  of  the  Sun  and  Venus  for  the  epoch  1900.  The 
distance  of  the  Sun  from  the  point  of  view  is  unity  in  this 
case,  but  we  may  always  adopt  this  distance  as  the  linear 
unit.  The  solar  eccentricity  being  0.016751(14.  and  the 
longitude  of  the  perigee  281°  13'  15".0,  the  Sun's  longitude 
as  seen  from  this  point  is  12°  10'  50".31.  Let  w0  denote 
the  angular  distance  of  the  Sun  from  the  ascending  node 
of  its  orbit  on  that  of  Venus,  u>  the  angular  distance  of  this 
node  from  the  perihelion  of  Venus,  I  the  inclination  of  the 
orbits,  a  the  semi-axis  major,  and  e  the  eccentricity  of 
Venus.  The  problem  involves  no  more  than  these  five 
quantities,  which  have  the  following  values  : 

w0  =  116°  24'  3".5S,  a,  =  125°  36'  56".93,  i  =  3°  23'37".07, 
log  a  =  9.85933781     ,     e  =  0.00682069 

If  we  imagine  a  system  of  rectangular  axes  having  its 
origin  at  the  point  of  view,  the  axis  of  x  being  directed 


towards  the  perihelion  of  Venus,  the  axis  of  y  to  a  point  in 
the  plane  of  the  orbit  a  quadrant  in  advance  of  the  peri- 
helion, and  the  axis  of  s  towards  the  north  pole  of  the 
orbit,  the  coordinates  of  the  San  will  have  the  following 
expressions : 


V, 


=  cos  U)  cos  /'0 
=  sin  (0  cos  u0 
=  sin  i  sin  u. 


COS  t    Sill  O)    Sill  (/„ 

■  cos  i  cos  <t>  sin  v. 


By  employing  the  auxiliary  quantities   k,  /.-',  K,  A*',   de- 
termined from  the  equations 


/.■  cos  A"  =  cos  i 

I;  sin  A'  =  cos  i  sin  i 


/.-'  cos  K1 
/.-'  sin  A"' 


cos  i  cos  w 

sin  (D 


the  expressions  for  x0  and  >/0  become 

a-„  =  k  cos  (m0+  AT)         //o  =  k'  sin  (//„+  K') 

In  our  example 

log/.-  =  9.9994966       , 
K  =  125°  39'  48".37 

formulas  <rive  these  values  of  the  coordinates  of  the 


log/.-'  =  9.999741 8. 
,     K'  =  125°  34'  5".60 


T 

Sun 


-0.4679356 


//o  =  -0.8821706  .  «„  =  +0.05302156 

Let    /;  =  a  y/i e2    denote  the  semi-axis  minor  of  Venus. 

The  elements  of  the  sphero-conic  constituting  the  apparent 
orbit  of  Venus  in  the  heavens  are  found  through  the  solu- 
tion of  a  certain  cubic.  Let  A,  IS,  G  denote  the  rectangular 
coordinates  of  the  center  of  the  elliptic  orbit  of  I'm  us; 
then 

A  =  a'0  —  ac     ,     B  —  y0     ,      C  =  zu 

also  let  r  denote  the  distance  of  this  center  from  the  origin, 
so  that     r-  =  A^+B^  +  C. 

Then  the  cubic  will  be  thus  expressed : 

G«+(as+ J»_  r»)  G--  [Ja(r2-  a2)  +  a%e-B*+  C*2)]  G-a"-PC2=  0 

Accurate  computation  of  the  coefficients  is  facilitated  by 
using  the  equations 
a2+js_ra  =  2b2-l  +  2aexn     ,     r2-a2  =  l—bi-2aex. 


*  This  article  is  intended  as  supplementary  to  one  in  the  American  Journal  of  Mathematics  Vol.  XXIII,  p.  317. 


(53) 


M 


1111        \  S  L'KO  N"  M  1»'A  1.     .1  <•  u  i;  N   \  L. 


N"  :>i  i 


In  tin'  present  example  we  have 
0.2533680', 


7695486  =  <> 


alwaj  s  real ;  we  will  name 
them  in  ili-'  order  o1  their  algebraic  magnitude,  '.  .  '•    ,  G 
Tli,.  v  nearly  — o4;  in  fact,  neglecting  quanti- 

the  fourth  order  with  respect  to  -  and  i,  the  expres- 
sion foi 

In  our  example  this  gives  a  sufficient!  value, 

or  probablj  ng  a  unit  in  the  8th  d& 

0.52320407.       I  i       rotaining   the 

remaiui 

,,.      o.  IS!  l.-.nl  i,  -  0.001  170838   =   0 

Thus,     G,  =  -0.003035S7  and   G,  =  +0.48448688. 
I'   ,  the  cone  li  i  ertex  al   the  origin 

and  tin  ;  as  directrix,  when   referred  to  the 

\  .  has  the  foi 


ig  m  the  body  of  the  cone,  that  of  \  in  the 

direction  of    longitude,  and  that   of  ^    in  the  direction  of 

Ni.w    let   ,,  di  tide  measured  from    I  he 

major-axis  ol  the  sphero-conic,  and  A  longitude  measured 

minor  axis.     Then,  making 


X   =  p  COS  ./   sin  A 


V    =    psill,, 


7,   =  p  COS  i/    COS  A 


mi  connecting  the  variables  ij  and  A 

in  the    : 

sin- A       tan- «      iiisA 

-   =  0 
G  G 

The  greatest  longitude  \  and  the  greatest  latitude  i?0  of 
the  planet  moving  on  the  sphero-conic  will  be  given  by  the 

'     "!1S 

I    i   equation  of  the  sphero-conic  can  be  put  in  the  form 

A 
-:n- A,. 


In  thi  irople 

„„  =   I    31    33".  7 


v  =  k;  ■'(■,'  3".50 


connecting  the  variables  A  and    <,  with  the  projected  co- 
ordinates  i  and  y    in 

2« 

tan  A  =  .,      .,     .     sin,,  =  : 

I       '-  —  .'/-  H-.r-  +  y- 

The  inverse  of  these  formulas,  which  maj  be  used   for 
plotting  the  project  ion  of  the  curve,  arc 

sin  jni    ,,.  sin  >, 


\-     |    i-   interesting  we  will  derive  the  equation  of  the 
jraphic  projection  of  tins  curve.     Taking  the 
of  the  projected  sphere  as  unity,  ami  placing  the  pol<   ■  i 
it  -  phero  conic,  the  equations 


1  +  COS  A  COS  77  1  +  COS  A    COS  71 

Thus  the  equation  of  the  projected  sphero-conic  is 


■!./-' 


i,     il      xi     y       ,  I  i 


+ 


1 


I." 


Taking 
form 


G,  i  1  +.i--  +  !/-y-A!/- 

1  i  I      -       . 

(5,(1       i       y  -!    i   La 
two  constants  «  and  fi  this  may  be  put   in  the 


+ 


' .   .,  =   0 


y 


HA  1  —.''---  //-)-  +  jir- 


(1  +y-  +  ;rr-ii/-  (]  -  rc2-ys)2+4av! 

The  projected  curve  is  therefore  an  octic. 

To  have  the  position  of  the  sphero-conic,  let  SI  be  the 

longitude  of  the  ascending  le  of  the  major-axis  of  that 

curve  mi  the  orbit  of  the  planet  measured  from  the  peri- 
helion of  i he  latter,  and  i  the  inclination  (always  between 
0  and  lsu  i.  and  r  the  angular  distance  of  the  center  of 
the  sphero-conic  from  the  node  measured  in  the  direi 
of  increasing  longitudes  ;  the  following  equations  can  be 
used  for  the  detenu  ination  of  these  quantities  : 

'''„  „  B      G. 


tan  i  sin  SI  = 


c  <;,+>■- 


tan  i.  cos  SI  = 


C    C+ir 


(g.+q*)(g.+ft») 


Gz—G„ 

where   I)   and    r   arc   taken    in    the    first    quadrant. 
example  we  get 


In   our 


i  =    6°  17'  1  t".56 
6*  =  45   55    11  ".70 


SI  =  151    is'  30".62 
T  =    89   59'  58"  it; 


That  t  should  so  nearly  lie  equal  to  a  quadrant  is  due  to 
the  smallness  of  the  eccentricity  of  Venus. 

In  order  to  have  the  position  of  the  ecliptic  referred  to 
the  axes  of  the  sphero-conic,  let  \ji  denote  the  distance  of 
the  ascending  node  of  the  ecliptic  on  the  major-axis  of  the 
sphero-conic  from  the  similar  point  of  the  ecliptic  on  the 
orl.it  of  Venus,  and  x  the  distance  of  the  same  point  from 

the  ascending le  of  the  major-axis  on  the  orbit  of  Venus, 

and  let  /denote  the  inclination  of  the  ecliptic  to  the  men- 
tioned axis.      Then  these  quantities    are    determined   by  the 

equat  ions : 

sin/ cos  0  =     cos i  sin  i  —  sin i  cos  i  cos  (ft  —  <i>) 
sin  /  sin  \p  =  —sin  t  sin  (  Q  —m) 

sin  1  cosv   —  —sin t  cos i  +  cos i  sini  cos  (£2 — <o) 

sin  /  sin  ^    =  —sin  i  sin  (  SI  —  u>) 

V  =  K„  —  <ji      ,      x  -  t   =   tr 
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In  the  present  example  we  gel 

Z=3°34'12".94  ,  f  =  230°  55'  7".07  ,  x  =  204°48'29".24 
v  =  245°28'56".51  ,  <r  =  114°  48'3l".17 

We  ran  now  get  the  coordinates  of  the  Sun  as  referred 
to  the  axes  of  the  sphero-conic:  calling  the  longitude  A0 
and  the  latitude  rj0 ,  we  have 

tan(A0— <r)  =  cos  /  tan  u     ,     sin  >;0  =  sin  /  sin  v 

where     A.  —  <r     is  taken    in  the  same  semicircle  as  v.     In 
the  example 

A0  =  0°  14'  56".29     .     ,,„  =  -3"  14'  52".73 

We  now  make  application  to  the  question  of  the  secu- 
lar perturbations  of  the  Earth  by  Venus.  For  brevity  put 
;„■  =  <;  —t;:.  In  the  example  logwi  =  0.0016637.  De- 
rive the  nome  q  from 


.  +  »•+« 


H-2(?4+?16+?86+-  .) 


or  from  the  equations 
1    1  - 


1     1 


sin  $  6 
1  +■  \/cos0 


,1      l-0!\ 


we  obtain      log'/  =  8.6556780.     Next   compute  K  and  L 
from  the  equations 


K  = 
L  = 


_____2[1+2(^+?16+..)]a 
1+  x/c^0       !  -4?»  +  9?8-16916  +  .  . 


[l  +  2(y* +  ?">+.  .)]2 


4  cos-^  cos?0 

The  results  in  the  present  example  are 

log  K  =  0.3906003     ,     log  L  =  0.1270540 

The  components  of  the  action  of  the  ring  formed  on  the 
orbit  of  Venus  on  the  origin  are 


Lcos-0 
X  = -j-  cos  Tfc,  sm  A0 


M     . 

— s  Sllr  A   COS 


y  =  - 

K 


K-L 


sm  % 


1/ 


cos-A"  sin  ,/(( 


Z  = 


■  Lsml6  M 

— -, cos  %  cos  A,  =  -  — 8  cos  %  cos  A0 


Let  //  denote  the  magnitude  of  the  resultant  of  these 
components,  A  and  //  severally  the  longitude  and  latitude 
of  the  point  in  the  heavens  towards  which  it  is  directed. 
the  circles  of  reference  being  the  axes  of  the  sphero-conic. 
We  have  the  equations 


/,'  cus  //  sili  A  =  X    .    //sin  //  =    Y 


The  numerical  results  are 


/.'« 


// 


A  =  Z 


//  =  1 .74-ir.oo 4   .  A 


359   54'31".10  .   //=  +-   3'26".84 


In  order  to  have  the  components  of  the  force  referred  to 
the  ecliptic,  it  is  necessary  to  convert  A  and  //  to  a  longi- 
tude and  latitude  referred  to  that  plane.  Let  a  and  8 
severally  denote  this  longitude  counted  from  the  descend- 
ing node  ol  the  major-axis  of  the  sphero-conic  on  the 
ecliptic  and  the  latitude.     Then  the  equations  are 

sin  8  —  cos  /  sin  //  —  sin  /  cos  //  sin  (A  —  a-) 
cos  8  sin  a  =  sin/  sin  //  +  cos  /  cos//  sin  (A— <r) 
ens  8  cos  a  =  cosi1/  cos  (A  —  <r) 

Then,  if  B0  denote  the  component  directed  towards  the 

Sun,  SB  the  c ponent    perpendicular  to  this  and  lying  in 

the  plane  of  the  ecliptic,  and   J'",  the  component  directed 
to  the  north  pole  of  that  plane,  we  shall  have 

Ra=JR  cos 8  cos  («— v)  .  S0  =  R  cosS  sin(«  —  v)  .  W0=Jt  sin  S 

The  numerical  results  are 

«=245°0'11".53,  «-v=359°31'15".02,  8=  +  5c  17'41".12 
K„=  +-1.7370960  .       S.=  -0.0145277,  W.=  +  0.1609908 


The  diagram  exhibits  the  form  of  the  sphero-conic  in  the  I  sphere  projected  is  live  inches.  The  point  Bis  thai  toward! 
example.  The  projection  used  is  the  stereographie,  the  pole  which  the  resultant  of  the  attraction  of  the  elliptic  ring  is 
being  at  the  center  of  the  sphero-conic.     The  radius  of  the  |   directed,  and  the  point  3  shows  the  position  of  the  Sun. 
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In  the  application  t<>  secular  perturbations  almost  the 
im  is  to  obtain  the  values  of  R  .  St  .  Wt  .  bul  the  pre 
ceding  method  involves  the  computation  o  mxiliary 

quantities,  hence  it  maj  be  well  to  substitute  the  follow- 
ing, in  which  \,.ih,.\.  If.  u,  8,  are  not  used,  but  the 
desired  values  are  expressed  in  terms  of  the  quantities 
which  pr de      W  e  have 

,       <         .in-K :  ec»s-,/o  sin2A0  -cos2*  sin2% 

Hut  COS  t;0  cos  A0  =  C08  "  COS  u     -  COS  1  sin  ,r  -111  u 

cos i}.  sin  A,  =  sin  it  cos  v  +  cos/ cos o- sin  u 


sin  % 


=  sin  /  sin  i> 


l'.\  substituting  these  values  in  the  preceding  equation, 
and  putting 

.Y.-osi-  —   i  1  +sin2K)(l  —  i  sin2/  i  COS  2(7  +  \  COS5*  sin2/ 
A'sin  v  =  (H     in*ic)cosi  sin  2<r 

pression  for  /.'0  be. 

/,-    —         cos2or— sin*K  sinV— iVsinu  sin(«+v) 

0        in 3 1_  J 

There  is  no  need  for  the  direct  elaboration  of  the  values 
of  S   and   II", ,.  since,  provided  the  quantities  u  and  /  are 
left  evident  in  the  expression  for  ./.'„.  they  are  determined 
partial  differential  equations 

9  -^B"         if  --1     '"*''■ 


Isin-u   9i 


Thus 


1/ 


S0  =  -i-^^sin(2v+v) 


Moreover,  if  we  pul 

Pcosir  =  [(l  +  sin2<c)  cos2<r— 3cosY]cos2 

qw  =  (l  +  sin2Ki  sin  2a- 


we  shall  have 


.1/ 


W    -    |       ,  /-sin  /  Sin(»+ir) 

0  -      ...3  ^  ' 


In  making  use  of  the  values  of  /.'„ .  n„.  I/',  as  obtained 
for  different  points  in  the  orbil  of  the  attracted  planet  it 
will  be  necessary  to  reduce  them  to  a  common  linear  unit  ; 
when  we  bear  in  mind  that  they  are  of  the  dimension  —  2 
in  reference  to  this  unit,  the  procedure  to  be  followed  will 
be  obvious. 

As  the  example  from  Venus  is  abnormally  simple  in 
some  respects  on  account  of  the  smallness  of  the  eccen- 
tricity of  that  planet,  another  may  be  given  of  the  orbit  of 
Mercury  seen  from  the  same  point.  Here  the  elements 
have  the  values 

u0  =  145°  2'  4".91  ,  w  =  151"  1  I'  16".  19  ,  i  =  7°  0'  10".37 
log  a  =  9.5878217     .     e  =  0.2056142] 

As  before,  these  are  from  Prof.  Newcomb's  Tables,  and 
for  the  epoch  1900.  From  these  elements  the  coordinates 
of  the  Sun  are 

.r0=  +0.4448295  .  ,//0  =  -0.8928855  ,  «0  =  +0.06986952 

and  the  cubic  in  G  is 

G8-0.6421687  G!-0.1185352  G-0.0001049789  =  0 

By  the   approximate  formula    Gx  =  —0.1489421,    and 

this  needs  only  the  small  correction  of  7  units  in  the  last 
decimal,  so  that  G,  =  —0.1489428.  The  quadratic  con- 
taining the  remaining  roots  is 

l73-0. 7911115  G -0.0007048269  =  0 
Whence      Gy  =  -0.0008899314     ,      G,  =  +0.7920014 

The  dimensions  of  the  sphero-conic,  in  this  case,  are 

A0  =  23°  26'  39".57     ,     Vo  =  1°  5.V  1 1".59 

Its  position  in  the  heavens  is  established  by  the  values 

t  =  4°  53'  1 1  ".32  .   Q  =  201°  23'  16".94  ,  t  =  S9D 16'  43".53 

It  will  be  seen  that,  in  spite  of  the  great  eccentricity  of 
1/.  rcury,  t  dees  not  differ  much  from  a  quadrant. 


EXPLANATION    OF   THE    INCLINATION    OF   THE   PLANETARY  AXES, 

By  W.  II.  PICKERING. 


i    form  spheroid  to  be  revolving  in  its  orbit 

the   sun,  and  to  present  always   the   same  face  to  a 

star.      If  this  spheroid   is  covered  with   liquid  an    annual 

produced,  which  in  the  process  of  time  will 

pheroid  to  rotate  upon  its  axis  so  as  to  present 

always  the  same  face  to  the  sun. 

Suppose  now  that  this  spheroid  possesses  an  original 
it  its  minor  axis,  and  that  this  axis  lies  in  the 
of  its  orbit,  as  is  for  instance  approximately  the  case 
with  the  pla  t.      We  shall  thus  have  two  inde- 

pendent rotations  about  the  twoaxi  right-angles 

to  one  another.     When  these  motions  are  combined,  how- 
ever, as  maybe  clearly  illustrated   by  means  of  thi 


scope,  the  e fleet  produced  is  to  shift  the  minor  axis  oi  the 
planet  out  of  its  original  plane,  so  that  the  plane  oJ  the 
planet's  equator  shall  approach  the  plane  of  its  orbit,  and 
in  such  a  manner  that  the  rotation  and  revolution  shall 
take  place  in  the  same  direction. 

This  shifting  of  the  axis  is  not  to  be  confused  with  that 
producing  precession,  which  is  due  to  a  different  cause,  and 
is  periodic.  The  present  shifting  is  continuous  in  its 
action,  and  its  direction  lies  at  right-angles  to  that  causing 
precession. 

According  to  Laplace's  nebular  hypothesis,  as  is  well 
known,  when  the  rings  break  up  into  planets,  these  should 
rotate  in  a  retrograde  direction.     Owing  to  the  tidal  at 
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above  described,  however,  the  plane  of  their  rotation  will 
gradually  shift,  so  that  from  being  at  first  nearly  parallel 
to  the  plane  of  their  orbits,  it  becomes  later  perpendicular 
to  them,  and  finally  again  parallel,  but  this  time  with  the  ro- 
tation direct.  Successive  satellites  formed  by  the  contract- 
ing mass  would  thus  originally  revolve  in  different  planes, 
but  would  all  finally  approach  the  plane  of  rotation  of  their 
primary  through  the  attraction  of  their  equatorial  regions. 
Such  a  progressive  change  of  plane  is  found  in  the  orbits 
of  the  satellites  of  the  four  major  planets.  Thus,  for  Xtji- 
tinif  the  approximate  angle  is  14,">°,  for  Uranus  98°,  for 
Saturn  (inner  satellites)  27°,  and  for  Jupiter  2°.  It  is 
also  found  in  the  case  of  the  four  inner  planets,  as  far  as 
is  known,  as  determined  by  the  inclination  of  their  equators 
to  the  plane  of  their  orbits.  Tims,  for  Mars  the  angle  is 
25°.  for  the  Earth  2.'!°.  for  Venus  the  angle  is  unknown, 
and  for  Mercury,  while  undetermined,  it  is  certainly  very 


small,  as  is  indicated  by  the  drawings  of  surface  detail 
made  at.  Milan.  Arequipa  and  Flagstaff.  While  the  force 
producing  this  change  must  at  the  present  time  be  almost 
infinitesimal,  yet  such  would  not  have  been  the  case  in  the 
past,  when  the  planets  were  perhaps  one  hundred  or  more 
times  their  present  dimensions. 

If  we  take  the  great  nebula  in  Andromeda  as  a  t\ 
our  earlier  existence,  the  planets  being  merely  condensed 
masses  revolving  within  and  with  the  solar  atmosphere, 
this  atmosphere  itslf  would  excite  a  frictional  force  which 
would  tend  always  to  keep  the  same  side  of  the  planet 
towards  its  primary,  while  gravitation  acting  on  the  mass 
before  it  had  separated  itself  from  the  spiral  would  tend  to 
cause  it  to  revolve  in  a  retrograde  direction.  Thus  in  the 
earlier  times  it  is  very  certain  that  these  forces  would  be 
much  more  active  than  we  find  them  to  be  at  the  present  dai . 

Harvard  College  Observatory,   1901  JToe.  7. 


THE   GREENWICH   KEFLEX   ZENITH-TUBE, 

i;v  S.  C.  CHAXDLER. 


Nothing  in  modern  astronomy  is  so  melancholy  a  record 
of  futile  result  from  a  promising  project,  pursued  with 
admirable  perseverance  under  disheartening  circumstances, 
as  the  history  of  the  Greenwich  Reflex  Zenith-Tube.  All 
investigations  of  the  observations  made  with  it  have  been 
absolutely  nugatory,  and  the  memoirs  communicating  them 
have  candidly  confessed  failure  in  arriving  at  any  accept- 
able astronomical  conclusions  or  any  determinable  reason 
therefor.  The  persistently  anomalous  results,  apparently 
pointing  to  undiscoverable  instrumental  sources  of  error, 
finally  discouraged  further  employment  of  the  instrument, 
and  the  apparently  hopeless  undertaking  was  abandoned 
in  L882  after  thirty  years'  continuous  trial. 

But,  although  the  immediate  objects  for  which  this 
series  of  observations  was  instituted  have  been  frustrated, 
it  is  proposed  in  this  article  to  show  that  it  has  accom- 
plished, unwittingly,  an  even  higher  service  to  astronomy 
than  that  for  which  it  was  intended,  and  that,  in  place  of 
a  fallacious  aberration-constant  and  an  impossible  stellar- 
parallax,  it  in  reality  contains  a  bodj'  of  evidence  of  the 
highest  value  in  relation  to  the  constants  of  the  latitude- 
variation  during  the  period  which  the  observations  cover, 
Immediately  upon  the  discovery  of  the  approximate  laws 
of  the  polar  motion  about  ten  years  ago  the  writer  was 
forcibly  impressed  with  the  importance  of  this  series  as  a 
contribution  to  their  further  development,  and  through  a 
provisional  investigation  it  was  drafted  into  that  service. 
This  use  of  it  was  criticized  at  the  time  by  reputable 
authority,  but  I  never  thought  it  worth  while  to  notice 
this  or  other  like  strictures,  since  they  were  of  the  kind 
that  time  could  be  relied  upon  to  answer.  They  are  only 
mentioned  now  as  curious  illustrations  of  the  tenacity  of 


prejudice,  once  respectable,  but  no  longer  so  when  the 
cause  for  it  has  disappeared.  It  is  now  manifest  that 
astronomers  up  to  the  last  decade  had  incurred  a  habit 
of  resorting  to  the  hypothesis  of  subjective  error  whenever 
they  met  unexplained  residuals  in  series  of  zenith-distani  e 
measurements,  and  that  the  inertia  of  this  habil  led  to  a 
certain  want  of  alertness  to  perceive  that  the  verdict  of 
discredit  that  had  fallen  on  m;m\  of  these  series  required 
reconsideration,  in  view  of  a  vera  causa  suddenly  thrust 
upon  their  attention.  In  the  case  of  the  series  now  under 
discussion,  for  example,  however  and  by  whomever  treated 
the  outcome  had  always  been  a  large  negative  parallax  of 
y  Draconis,  and  an  aberration-constant  impossible  to  accept. 
It  is  indeed  true  that  the  palpably  large  accidental  error  of 
the  individual  measures  intensified  the  impression  as  to  the 
untrustworthiness  of  the  series  as  a  whole,  and  it  is  to  lie 
regretted  that  a  higher  degree  of  refinement  in  this  regard 
was  not  striven  for,  since  there  is  no  discernible  reason 
why  it  could  not  have  been  reached.  The  theory  ot  the 
instrument  is  perfect,  its  construction  is  of  the  last  sim- 
plicity, and  the  quantity  measured  is  obtained  with  a 
degree  of  directness  and  thorough  elimination  of  instru- 
mental error  as  high  as  it  is  easy  to  conceive. 

It  is  needless  here  to  devote  any  space  to  description  of 
the  instrument  or  the  method  of  observation.  It  sui 
to  refer  to  Aiky's  account  in  the  first  appendix  to  the 
Greenwich  volume  for  1854,  to  Main's  paper  in  the  R.A.S. 
M.  moirs,  Vol.  XXI  \.  and  to  Poor's  discussion  of  the  theory 
and  errors  of  the  instrument  in  Astr.Jotirn.,Yo\.  IX.  p.  153 ff. 
The  results  of  the  observations  from  1852-59  will  be  found 
in  .Main's  paper  above  referred  to;  from  1857-75  in  Down- 
ixo's   paper    in    the    Monthly  Notices,  R.A.S.,  Vol.  XI. II 
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Those  from  1875  to  1882.  when  the  series  was  abandoned, 
I  have  collected  from  the  Greenwich  annual  volumes. 

In  the  preceding  table  the  results  for  the  whole  series 
from  1852  to  1882  are  given,  homogeneously  reduced. 
Each  line  contains  the  result  of  a  group  of  observations,  the 
mean  date  and  number  oi  observations  being  given  in  the 
first  and  second  columns.  The  third  column,  n,  contains 
the  mean  value  of  the  residual  of  the  zenith-distance  of 
y  Draconis,  expressed  in  the  sense  l<)  (()  —  (')  =  qr  — qr0- 
These  have  been  referred  to  the  value  of  the  aberration- 
constant  20".505,  which  seemed  to  me  to  be  the  best  at  the 
time  these  computations  were  made,  although  evidenci  bas 
been  since  accumulating  that  would  seem  to  make  a  some- 
what larger  value  more  probable.  Besides  tins  correction 
for  aberration  it  was  necessarj  to  refer  the  portion  before 
1857  to  the  slime  zero  as  for  the  subsequent  serie  .  >•■■: 
accounl  of  the  change  of  location  of  the  instrument  in  L856 
to  a.  point  53  feet  south  of  its  previous  position,  and  to 
correel  tor  the  difference  of  annual  proper  motion  in  decli- 
nation assi lined  b\  Main  i  —  0".04),  and  that  used  by  DOWN- 
ING and  myself  (— 0".028).  Thns,  Main's  residuals,  after 
change  of  sign,  required  the  correction.  +  0".16  +  0".012 
(t — 1852)  ;  and  both  Main'>  and  Downing's  the  reduction 
from  the  aberration-constant  assumed  by  them  (20".400). 

An  inspection  of  the  table  of  observations  will  shew  al 
once  that  the  unequal  distribution  as  regards  time  of  year 
makes  it  impossible  to  get  an  adequately  independent 
determination  of  the  constants  of  the  latitude-variation 
except  for  the  interval  from  1857  to  1870.  Before  and 
after  this  the  measurements  are  practically  confined  to  five 
months  of  the  year,  from  May  to  September,  which  makes 
futile  the  attempt  at  an  independent  elimination  of  the 
fourteen-months'  and  annual  terms.  The  following  con- 
densed count  of  the  observations  makes  this  clear. 

Jan.-Apr.    May-Oct.    Nov.&Dec. 


1852-56 

Id 

200 

7 

1857  63 

98 

345 

4  1 

18(14-7(1 

;;i 

340 

12 

1871-77 

<; 

213 

7 

1S7S  82 

0 

153 

(i 

Pertinent  result  for  both  terms  can  therefore  be  expected 
only  for  the  two  seven-year  cycles  1857-63  and  1864    70. 

The  process  of  finding  the  constants  was  that  of  succes- 
sive approximation,  by  alternate  elimination  of  each  term. 
Thus,  the  circumference  of  the  fourteen-months'  term  was 
divided  into  sixteen  parts  ;  the  data  of  the  table,  for  each 
of  the  intervals  1857-63  and  1864-70,  were  classified  ac- 
cordingly ;  and  the  mean  values  of  /,  thus  found  furnished 
a  first  approximation  to  the  428-day  term.  The  original 
values  of  h  were  then  corrected  lor  this  and  the  residuals 
were  classified  by  calendar  months,  giving  a  first  approx- 
imation  to   the  annual    term.      Collecting  the  original    n's 


for  this,  a  second  approximation  to  the  428-day  term  was 
found.  A  repetition  of  the  process  for  the  annual  term 
gave  values  differing  so  little  from  the  previous  approxi- 
mation that  it  did  not  seem  necessary  to  carry  the  process 
further. 

In  this  manner  we  have  the  values  of  gi  —  qp0. 

1857   63;      0.246cos(/     2400541)0.84 -0.166 cos(0 

1864   7ii;  -0.222cos(*-2403238)0.84  - 0.134 cos(© -313) 

which  have  been  used  in  the  investigations  in  .I.J.  489,  p.  71 
(note),  and  in  A.J.  494,  p.  109,  as  there  stated.  The  fol- 
low in-  tables  give  the  comparison  of  the  computed  and 
observed  values,  the  latter  having  been  corrected  by  the 
constants  l-0".09  and  +0".34,  which  are  the  reductions  to 
arbitrary  zero  given  bj  the  computations  for  the  series 
is.'.;  63  and  1864  -70,  respectively. 


428d-TERM. 


t 

240  0413 

olio 
0467 
0494 
0521 
llo  is 
0575 
0602 
0629 
0656 
0683 
071(1 
0737 
0764 
0791 
240  0818 


Is;,;  63 
O 

+  0.06 

+  .03 

-  .11 

-  .29 

-  .13 

-  .31 

-  .03 

-  .Go 

-  .34 

-  .14 
+  .21 
+  .45 
+  .16 
+  .27 
+  .14 
+0.16 


+  o. 


+ 
+ 
+ 
+ 
+ 
+ 
+  0 


240  3013 
3040 
3067 
3094 
3121 
:;i  is 
3175 
3202 
3229 
3256 
3283 
3310 
.';."..■;  7 
:;:;(i4 
3391 

240. "4 IS 


1864  70 
O 

-O.OS 

+    .26 


,47 
.07 

.17 
.34 

.17 


+  0. 
+    , 


-   .38 

+   .04 


+ 
+  .07 
-  .11 
+   .03 

+  0.20 


,17      - 


+ 
+ 

+  0 


Asm  ai.  Term. 

ls.-,7  63 
O  C 


.l;,n. 

-0.25 

-  0.15 

.Ian. 

+  0.20 

-0.13 

Feb. 

-   .15 

-   .17 

Feb. 

<>j 

-   .13 

Mar. 

-   .29 

-   .14 

.Mar. 

-  .16 

-  .10 

Apr. 

+   .29 

-    .08 

Apr. 

- 

-   .04 

May 

-    .2.-. 

+     .01 

May 

-  .15 

+   .03 

June 

+   .12 

+    .00 

June 

+   .24 

+   .09 

July 

+   .18 

+   .15 

July 

+    .13 

+   .13 

Aug. 

+  .:;i 

+   .17 

Aug. 

+    .06 

+   .13 

Sepl . 

+   .01 

+   .14 

Sept. 

+   .09 

+    .10 

( let. 

+   .10 

+     .08 

Oct. 

+    .11 

+   .04 

Nov. 

-  .01 

-    .01 

Nov. 

-0.16 

-  .03 

Dec. 

-0.06 

-0.09 

Dec. 

- 

-0.09 

T  do  not  think  the  above  results  could  be  essentially 
varied  by  different  method  of  reduction,  and  see  no  reason 
to  doubt  that  they  are  real,  and  afford  a  tolerably  correct 
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latitude-variation  during  the 
by  the  series.     The  outcome  of  the  dis- 
cussion dissipate  the  prejudice  thai   lias  so  long 
;ainsi   these  observations,  since  the  anomalies 
ar,.  now  tra  enl ion  <>i  a  phenomenon  not 


suspected  at  the  time  they  were  made.  In  the  installation 
and  persistent  use  of  this  instrument  Airy  was  building 
better  than  he  knew,  and  in  an  unforeseen  way  conferred 
on  astronomy  a  higher  benefit  than  his  actual  aim  would 
have  been  had  it  been  attained. 


UK    OBSERVATIONS    OF    ALGOL    BY    ARGELANDER,    SCHMIDT 

AND    SCHONFELD, 


I'j  i   .  ■    obsen ed  bj    ^.rgi 

i  tM'i  k,  S(  hmidt  and  S(  honfeld  supply  means  tha 

iportanl  to  he  ovi  for  examining  the  ques- 

:   the  existence  of  minor  irregularities  in  its  period. 

Schmidt's  series  overlaps   A.rgei  ujder's  at   one  end  and 

S(  HOXl  i  i  D'S  al   the  ether,  and  all   three  are  loll-'  enough   to 

.  rved  values   of   the    period  that  are  m,le 

pendent   of   eaeh  ether  and    entirely    free  from  the  effects  oi 

personal   differences  between    the   three   observers    in    the 
on  oi  the  time  of  minimum, 
on  p.  171   of  Vol.  VII,   A.J.,  I    have    given    a   table  of 

hs  deduced   separatelj    for  the  different 

observers.     By  combining    these   mi mals,  each    em- 
bracing one  "i-  twi                              I -.ami  taking  differ- 

for  epochs  separated   bj    several   hundred    periods, 

endently  for  Argelander,  Schmidt  and  Schonfeld, 

we  have  the   appended   table.      The   column   0  contains  the 

.  and  column  C  the  periods  computed  from 

nts  in  .1.-/.  509. 

The  0     C  displaj  verj  clearly  a  systematic 

deviation    from   the   elements   that     must    he   entirely    inde- 
pendi  i  !  atic  personal  differences  in  deducing  the 

times  of  minima,  as  has  1 n  stated  above.     The  accord 

oi  observations  in  this  regard  enables 
us  to  tainty  that  there  was  an 

actual  irregularity,  consisting  of  a   rather  sudden  diminu- 
■   t  he  period,  with   ri    pei  I    to  the  element  -.  bet  ween 
1854   and   1857  ot  about    l".5,  and  a  subsequent    in< 
gradual  from  1863  t<   1872,  ot  the  same  amount 


II  \mh.ki;. 

Thus  we  have  additional  evidence,  of  a  cumulative  char- 
acter, oJ  the  reality  of  such  minor  irregularities,  similar  to 
that  adduced  in  A.J.  509  from  a  comparison  of  Mi  i. tin's 
results  with  those  of  other  observers  for  the  interval  lS7."i 
to  1878. 


l 

"eriod  2 

20*  t8ra+ 

Dale 

Epoch 

0 

C 

o—c 

Wt. 

(  Ilisel'M-r 

1844.4 

5661 

o.T'.l 

53*9 

+0*0 

3 

A  Icelander 

1847.4 

6042 

53.2 

53.0 

+  0.2 

•21 

" 

1850.1 

6380 

53.3 

52.8 

+  o..-. 

H 

" 

l 85 1 . 1 

6548 

53.2 

52.7 

+  ii,-, 

3 

" 

1851.7 

6583 

53.3 

52.6 

+0.5 

H 

Schmidt 

1854.0 

6880 

53.2 

52.8 

+  0.4 

1 

Argelander 

1854.1 

6894 

53.0 

52.8 

+  0.2 

H 

Schmidt 

1856.0 

7135 

54.1 

53.1 

+1.0 

•> 

Argelander 

L856.6 

7212 

52.6 

53. 1 

-0.5 

2 

Schonfeld 

1856.8 

7233 

53.3 

53.2 

+  0.1 

3* 

Schmidt 

1  So  7.1 

7299 

52.2 

53.3 

-1.1 

1 

Argelander 

L859.2 

7534 

52.6 

53.5 

-0.9 

2 

Schonfeld 

1859.4 

7556 

52.5 

53.6 

-1.1 

1 

Argelander 

1859.5 

7586 

53.0 

53.6 

_0.6 

H 

Schmidt 

1862.1 

7913 

52.8 

53.9 

-1.1 

1 

Argelander 

1862.3 

7933 

53.6 

53.9 

-0.3 

44 

Schmidt 

1862.9 

8023 

54.2 

53.9 

+0.3 

Sir 

Schonfeld 

1864.5 

82 1 8 

54.1 

54.0 

+  0.1 

2i 

« 

1864.6 

8229 

53.8 

54.0 

-0.2 

6 

Schmidt 

1867.4 

8580 

53.9 

53.8 

+  0.1 

4 

» 

1867  8 

8635 

7.4.(1 

53.6 

+  0.4 

4 

Schonfeld 

1869.4 

8836 

53.9 

54.0 

-0.1 

24 

" 

1869.9 

8902 

53.6 

53.3 

+0.3 

1 

Schmidt 

1871.4 

9081 

53.8 

53.0 

•o,s 

2A 

Schonfeld 

1872.6 

9243 

52.9 

52.6 

+0.3 

5 

Schmidt 

1872.8 

9278 

53.  l 

52.6 

+0.8 

2* 

Schonfeld 

CHANGE    IN    NEBULA    SURROUNDING    lSTOVJ    PERSEI, 


The  telegraphic  dispatches  have  been  rei 

i  vard  College  <  fbservatorj  : 
A',,,-    |u.     From  Crossley-photograph  Perrini  finds  thai 
principal  condensations  faint  nebula  surrounding  A 
theast  one  minute  of  arc  in  six  weeks. 


Nov.  11.     Ritchet  states  photograph  Yerkes  November 

ninth  confirms  large  motion  nebula  near  Nova. 

Nov.  12.     from    photographs    Nova    Persei    November 
Ritchie  finds  Nebula  probably  expanding  in  all  directions. 

Tins  certainly  true  of  southern  half. 
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The  Greenwich  Reflex  Zenith-Ti  be,  nv  S.  C.  Chandler. 

The  Observations  oi    Algol  by  Argelander,  Schmidi    lnd  Schonfeld,  bi   S.  C.  Chandler. 
Change  in  Nebula  Surrounding  Nova  Pei 
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OX    THE    ROTATORY  MOTION   OF   A   BODY   OF   VARIABLE   FORM, 

By  KURT    LAVES. 


The  differential  equations  of  motion  of  a  rotating  solid 
of  variable  form  were  first  derived  by  Lagrange.  They 
were  published  after  his  death  in  an  appendix  to  the  second 
volume  of  his  Mecanique  Analytique  (Courier  publishers). 
His  investigations  in  this  subject  were  however  little  known 
to  the  mathematical  public  in  the  first  half  of  this  century, 
and  in  1858  Liouyille  published  an  article  in  which  he 
derived  the  same  equations  Lagrangk  had  obtained,  al- 
though in  an  entirely  different  manner  (Journal  de  Mathe- 
matiques,  2d  serie,  t.  III). 

Lagrange  has  employed  different  methods  to  derive  the 
differential  equations  of  motion.  Among  them  there  is 
one  which  foreshadows  in  a  peculiar  manner  the  essentials 
of  Hamilton's  principle.  It  is  the  purpose  of  this  paper 
to  show  that  Lagkangk's  equations  maj  be  advantageously 
and  elegantly  derived  from  this  fundamental  principle. 
Kirchhoff,  in  his  Vorlesungen  iiber  MecJianik,  has  first- 
shown  how  Hamilton's  principle  may  be  used  to  derive 
the  differential  equations  of  motion  for  a  rotating  body  of 
invariable  form. 

Let  A',,  Y,,  Zi  designate  the  components  of  the  type  oi 

forces    acting    upon    the    body.       Write    for   abbreviation 

V  =  2(X(hxi+  Y,  8//,  +  Z%  8.?,)  and  call  T  the  kinetic  energy 

of  the  body,  then  we  have  Hamilton's  principle  by  writing 

«, 

(\st+  u')dt  =  o 

Introducing  two  systems  of  rectangular  axes  with  the 
same  origin  in  an  arbitrary  point  O  of  the  body,  we  call 
Ox,  Oy,  Ox  axes  fixed  in  space.  0xlf  0y1;  Oz1  axes  fixed  in 
the  bod}'.  The  coordinates  .>•, ,  yxt  z,  of  a  point  of  the 
body  are  constants  when  the  body  is  of  invariable  form, 

We  hare  .r  =  axt  m\~by1  +  czl 

y  =  a'aij  +  J'jrj  +<■'.-., 
z  =  a"xi+b"yl+</'z1 
Let    01  designate    the    direction    of    the    instantaneous 
axis  of  rotation,  and    /'.</,/•   the   components    of  rotation 


with    respect   to    the   moving  axes.      They    are    defined    as 
follows : 


tit 
,1,, 
IF 
,n, 


,u 


,it 
da" 


<//  tit 


,db>       „db" 

—  r  =  <i  —  -r  it  — ,~   -r  a   -— 
tit  t/t  ,// 


T  = 


//, .    .,   and  /,.  ,/.  r  takes  the  form: 


when   expressed   in 


T  = 

=  2- 

m< 

(fR 

a  j 

\ 

+ 

[./,/-'+/;,/- 

+  ( ■  r 

-2Dq.r- 

2Er.p-2F2 

•</] 

+ 

2*I 

.(. 

dxr 

1  dt 

■*%+•■ 

It 

•■ 

•1 

It 

dx 

tit 

■\/t) 


where  A,  I!.  ...  F  have  their  usual  meaning.  It  must 
be  remembered  that  they  are  not  any  more  constants  but 
functions  of  the  time  t. 

In  applying  Hamilton's  principle  we  have  to  select 
independent  displacements  of  such  a  nature  that  the  in- 
stantaneous axis  will  change  its  position  during  the  ele- 
ment of  time  tit  from  OI  to  01'.  the  position  it  will  take  at 
the  time  t  +  <//.  Let  /  and  /'  be  the  points  of  intersection 
of  the  vectors  representing  the  amount  of  rotation  with 
the  unit  sphere  having  0  for  its  center.  Using  Kirchhoff's 
nutation  we  call  /<','/'.  r'  the  three  independent  displace 
incuts  to  be  used  ;md  define  them  by  the  equations: 

-pi  =  !,,/<■  +/,',/,■>  + 1,"  dr" 
—  tj'  =  t-tlii  +  t''tttt'  +  r",/,t" 
—r>  =  „,//,+„',//,' +  „",/!," 

ST  and  f  are  to  be  expressed  in  terms  of  /<',  q '.  /•'.  U1 
is  representing  work.  The  work  of  a  system  of  Eorces  act- 
in.;   ..n   ;i    system   of  material   points  during  an  element  of 
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time  tit  is  equal  to  tin-  sum  of  elementary   work   for  the 
ments  of  the  infinitesimal  displacement.     We  may, 
therefore,  write     V  =  L.p'+Mq'+Nr',     where    A.   i/.  A 
are  the  moments  of  rotation  with  respect   to  the  .<   . 


*-%+*• 


•l  '" 


•I'l' 


Sr=    jj    +P9'-P'q 


Substituting  the  values  for  V  and  82' (when  expn 

|,\    ,, .  ./',  ,■' i  into  11  \  m  1 1  don's  equation  we  obtain: 

J  [_'V    5<  +  9q    '    *  +  3r   <&       V         »P  '  ''      f)'l  '' 


+  (-:;    v 

,y 

+ (-<<+::; 

at  -  o 


•//,<»   University  of  Chicago,  1900  March  10. 


The  quantities  p',q',r  are  of  the  nature  oi  Kirchhoff's 
quantities  e.  and  the  foregoing  equation  will  Fall  under 
the  general  foi  m 


From   the  expression  of    T  we  obtain   for  the  rotator]      *, 
i  menl 

3/>  ""/  «" 

Lagrange  has  shown  in  his  second  paper  thai  the  Eol 
lowing  relations  hold  between  the  /■■  •/■  r  and  />',  -/'.  c 
quantities  : 


f'Z(* 


f  S  .   /  ]«//  =0  whichleadsto 


/•em 


ft)'-0 


The   e    quantities   being   entirely   independent   of   eacl 
other,  i  In-  last,  equation  leads  to  the  system  of  equations : 


»-s- 


[dentifying  the  e  quantities  with  //.  </',  /•'.    we  obtain  al 
once : 

■I  fr)T\    .        9T  ■>'!'__ 

=  .1/ 


eft  VV  /            9r  ,)<i 

9T  9T 

"       i,'"'  ,"T=N 

1    <)q  '  dp 


•I  ,'(>T\ 

Tt\dq~) 


lit   \r>r 


These  are  Lagrange's  differential  equations  of  rotatorj 
motion  for  a  body  of  variable  form. 

Nmi  i;\  mm  EDITOR.  —  For  the  long  delay  in  the  appearance 
of  the  foregoing,  as  well  as  of  the  following  article,  the  Editor 
is  entirely   responsible. 


NOTE   <)X    TIIE    ARTICLE   CONCERNING     INTERIOR    EFFECTIVE    FORCES    IX 
No.   t45   OF   THE    ASTRONOMICAL   JOURNAL, 

By   KURT    LAVES. 


It  i>  the  purpose  of  this  note  to  corred  an  oversight  in 

the   definition    of   the    /'-function   used   in    A.J.,  No    L45 

On   page  98  it,  is  stated,  thai    V  should  be  an  arbitrary 

function  of  the  mutual  distances  and  relative  velocities  of 

the  a  bodies  which  does  not  contain  the  time  explicitly. 

lefinition  is  nol  general  enough,  inasmuch  as  /'may 

contain  also  the  first  differentia]  quotients  of  the  mutual 

distances.     M\  attention  was  called  to  this  fact  l.\  a  paper 

oi    Professor  A.   Mater  of  Leipzig,   who  lias  solved  the 

m  proposed  in  No.  145  in  a  broader  and   more  ele- 

inanner.* 

Keeping  the  notations  of  the  former  paper,  the  definition 

»Se,.    /.  \er    math.-physikaliechen    Classe    der     K< 

ran.  1899: 
;  ton  Punnlsystemen  unter  dem  Einfluss 
tun  Potential  kritftt  n." 


of  V depends  mainlj  upon  the  integration  of  a  system  id' 
three  partial  differential  equations: 

£>„'"'.-  ■.■"\ir"r.->^l  =o 

Z{ 

The  six  partial  differential  equations  (3)  and  i  t),  page 
L00  of  nix  former  paper,  are  nol  rewritten,  since  thej  hear 
not  directly  upon  our  present  problem.  They  restrict  V 
in  such  a  manner  thai  only  differences  of  the  absolute  co 
ordinates  and  velocities  maj  enter  in  it.  [ntegrals  of  the 
\ii  —  \  total  differential  equations  of  the  firsl  order,  which 
can  be  regarded  to  replace  the  first  equation  (a),  are 


97         97, 

dV 

„/9F 

,Krt               .': 

9  7 

,<>v 

—  X 

'  9zt' 

9V           dV 

91 
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•  1                 |     B 

•>!>' 
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as  given  on  page  101.  Besides  there  are  integrals  of  the 
form 

•.,.■.,'  +  //,///     and     z,  -.,. '  +■  •./.-.,  +  //,///  ^ryly 

which  were  overlooked  in  the  former  investigation.  It  is 
evident  that  when  we  construct  an  arbitrary  function  (", 
which  is  a  solution  of  system  (a)  we  may  select  the  follow- 
ing functions  to  enter  as  arguments  into   V: 

r*    =    xh2+yh*+z* 

r,„r  =    (xh—xtf+(yh—ytf+(zh—zkf 
''it, 


dx>   ,        dyt  dz„ 

*  it  +  :u  dt  +  x"  m 


dn 


'•J^=  C-'J('*'-'-t')+(.'/.-'/i)(.'/* '-//,'i  +(■•/—  '-,  >(*/-**') 
'•„-  =  *j2+yi2+«ia 

Thus  the  necessary  number  of  independent  solutions  can 
be  secured  by  varying  //  and  /,-  between  proper  limits.  But 
since  /'has  besides  to  fulfill  six  partial  differential  equa- 
tions [(3)  and  (4)  of  the  former  paper]  it  follows  that  the 

solutions    ;■,-.   r,     , -  and  v.'-  are  not  admissible  since  they 
ilt 

are  functions  of  the  absolute  coordinates  and  velocities 
alone.  Thus  it  appears  that  /'  must  be  an  arbitrary  function 
of  the  relative  distances,  their  first  differential  quotients 
and  the  relative  velocities  of  the  //  material  points  of  the 
system.  The  time  must  not  enter  explicitly  in  it  in  order 
that  the  tenth  integral  may  hold.  It  will  be  observed  that 
in  this  corrected  form  a  close  relationship  is  established 
between  the  /"-function  of  this  paper  am)  the  /'-function 
defined  by  Professor  A.  Mater  in  the  XIII"1  volume  of  the 
Mathematische  Annalen.  When  the  relative  velocities  do 
not  enter  in  our  /'-function  we  see  at  once  that  this  special 
case  will  lead  us  to  Professor  Mayer's  /'-function.  Weber's 
electro-dynamical  potential  falls  now  under  both  forms  of 
the  /'-function,  whereas  Piemann's  potential  is  outside  the 
domain  of  Professor  Mayer's  ('-function.  The  fact  that 
the  problem  of  two  bodies  could  yet  be  solved  completely) 
engaged  first  my  interest  in  this  subject;  the  former  lack 
of  connection  is  now  properly  removed,  and  a  wider  grasp 
of  the  conception  of  the  /'-function  is  secured.  In  con- 
clusion a  few  remarks  are   in   place  concerning  the  method 


which  Professor  Mayek  has  employed  in  his  recent  contri- 
bution to  the  Leipzig  Academy.  Instead  of  a  system  of  n 
material  points  one  of  n  +  1  points  is  considered;  the  abso- 
lute coordinates  ./•, ,  y{,  .-., ,  /  =  (>....  //.  are  replaced  by 
the  absolute  coordinates  of  the  center  of  gravity  £,  r;,  £  and 
the  ;://  relative  coordinates  of  the  last  n  points  with  refer- 
ence to  the  first  point :  £h  =  x,,  —  .r0,  rj,,  =  >/,,  —  >/0 ,  £,,  =  zh  —  z, 
h  =  1  ...  ii.  It  is  found  that  the  effective  Potential  — 
fulfilling  the  ten  integrals — has  the  form 


r=    _o(r  +  7?„+n+ (t>-+v 


il\ 


ilt 


c 


+  C'=  V+V 


n0  is  a  constant ;  A,  p,  v  are  defined  in  the  following  manner  : 
Call  6,  $1)  8„  arbitrary  functions  of 


these  we  put 


A  =  (%  &-*&)«  +  &  «i  + 6  <?* 


v 


an  arbitrary  function  of 


dra 

It  ' 


it  is  there- 


fore of  the  same  character  as  the  /'-function  formerly  dis- 
cussed. The  function  I ""  is  of  a  character  essentially 
different  from  /"',  and  does  not  fulfill  in  the  common  wav 
of  definition  the  properties  of  the  Potential. 

When  we  keep  in  mind  the  dynamical  side  of  our  prob- 
lem it  will  be  conceded  that  we  shall  have  to  bar  the 
assumption  of  a  potential  function  that  depends  upon  the 
components  of  velocity  of  the  center  of  gravity.  Indeed, 
it  is  evident  that  for  the  simpler  problem,  where  the  veloci- 
ties of  the  coordinates  of  the  >i  +  l  points  do  not  enter,  we 
may  as  well  construct  a  function  V  =  ('"+  /"'(>„)  that  will 
leave  the  ten  integrals  in  force.  The  function  f'°  would  be 
here  the  same  as  above.  It  will  be  observed,  that  the  intro- 
duction  of  the  system  of  coordinates,  which  Professor  Mai  er 
has  chosen,  makes  the  definition  of  the  V '-function  simple 
and  satisfactory.  It  depends  upon  a  s\  stem  of  three  partial 
differential  equations,  a  complete  solution  of  which  can 
readily  be  obtained.  This  is  not  so  easily  achieved  when 
the  absolute  coordinates  are  kept,  since  in  this  case  the 
function  is  defined  h\  a  system  of  nine  partial  differential 
equations. 


OX  THE  EFFECT  OF  SINGLE  AND  DOUBLE   LINES  UPON  PERSONAL  ERROR 

IN   TRANSIT   OBSERVATIONS, 

By  YV.  V.   BROWN. 

In  the  determination  of  the  longitude  of  McKini  ( (bserv- 
atory,  there  arose  the  question  of  the  effect  on  the  persoiial 


equation  in  changing  from  a  double  to  a  single  line  reticle ; 
and  the  following  investigation  was  carried  out.     Increased 


interest  is  given  to  the  fcsults  by  the  recent  publication, 
in  Harvard  Annul*.  Vol.  XI. I,  No.  VII,  of  the  effects  on 
personal  equation  when  a  system  of  spider  lines  was  sub- 
stituted for  a  glass  [date  ruled  with  double  lines. 
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The  reticle,  on  which  was  taken  the  observations  given 
below,  was  a  ruled  glass  plate  with  the  lines  disposed   in 
talHi  '  'I  five  respectively,  and 

louble,  thai  is.  composed  of  two  close  parallel  ones 
,  nds  apart,  t he  poinl  midwaj  be- 
tween  which  was  ordinarily  chosen  for  noting  transits. 
The  interval  between  lines,  measuring  from  center  to  cen- 
ter of  doubles,  was  2'.91  I  I  0  .002.  and  the  interval  between 
the  single  lines  thai  formed  each  pair  was  the  exa*  t  one- 
eighth  of  this. 

On  this  reticle  transits  were  now  taken,  so  that  with 
each  star  half  of  the  transit  was  on  double  lines  in  the 
ordinal*}  way,  and  the  other  half  was  observed  on  the  firsl 
line  of  each  pair.  On  the  first  night  eight  lines  were 
taken  single,  the  middle  line  omitted,  and  eight  taken 
double.  On  the  second  night  the  conditions  were  reversed, 
being  eight  double,  middle  omitted,  eight  single.  <  >ii  the 
third  night    the    outside    tallies    were    taken    >mgle.  a  ml   the 

middle  tall}  double.     The  means  of  the  single  and  double 

lines   were   separately  found,  when   cine   mean  was    reduced 

to  the  other  by  the  use  of  the  known  line-interval  of  the 

e,    and    so    directly    compared.       The    accuracy    with 

which   this    interval   was    known    was    within   the   require- 

of   the   problem,  and   any  effect  from  error  here,  or 

from  inequality   of  spacing  on   the  reticle',  etc.,  would  show 

doubled  when  the  conditions  were  reversed  on   the 

second  night. 

In    o  over  a    single   line   of  a  pair,  there    was 

danger  of  a  personal  equation  being  produced  by  the  elo  e 

presence  oi  the  other  hue.  It,  was  decided  that  this  would 
be  less  with  the  first  than  with  the  second  line  of  a  pair. 
since  in  using  the  second  line,  one  would  necessarily  have 


the  warning  of  the  transit  over  the  first.  It  is  evidenl 
that  an}  effect  that  might  come  from  this  source  would 
also  lie  shown  in  the  reversal  on  the  second  night.  No 
marked    difference   appears,   however,   between    the    three 

dates. 

The  diag il  eye-piece  was  kept   in  its  normal  position. 

30  that  the  apparent  path  of  the  star  was  parallel  to  the 
horizon,  and  the  observer  sat  squarely  in  front  of  the  in- 
strument lacing  either  due  north  or  south.  The  stars 
range  from  --  .'in  to  +80°,  the  distribution  fairly  uniform, 
but  with  a  slight  excess  south  of  the  zenith,  'the  magni- 
tudes ranged  between  2..",  and  5.3.  The  telescope  has  a 
three-inch  glass,  and  power  id'  12-1. 

In  the  reduction  it  was  assumed  that  most,  of  the  factors 
which  enter  into  the  ordinary  problem  of  personal  equation 
between  different,  observers  could  here  be  ignored,  since  all 
of  the  observations  were  to  be  taken  b}  the  same  person. 
It  was  assumed  that  the  result  would  depend  entirely  upon 
the  difference  in  estimating  when  a  star  was  bisected  by  a, 
line,  and  when  it  was  midway  between  two  close  parallel 
lines. 

This  estimation  would  be  affected  by  the  velocit}  ot  tin- 
star's  motion,  and  each  difference  found  was  reduced  to 
the  corresponding  equatorial  interval  by  multiply  inn  by 
cos  &. 

In  the  following  tables,  the  differences  of  personal  error 
are  all  given  in  the  sense  of  the  mean  of  the  transits  over 
the  double  lines  minus  those  over  the  single  lines.  In 
each  group,  the  sums  of  the  positive  and  negative  values 
are  given,  as  well  as  the  mean  values.  The  re 
for  stars  north  and  south  of  the  zenith  are  separately 
given. 


Date 

1888 

v.. 
Stars 

South 

e 
oi    Zei 

ith 

I    cos  rt 

Dec.    I'll 

21 

1 « » 

16 

1 1 

+0.32 

+0.48 

+  0.66       - 

-d.ll 
-0.13 
-O.Oo 

+  0.021 
+  0.022 
+  0.044 

f-0.30 

+  0.47 
+  0.63 

.  11. 1 1 

-0.13 

-0.04 

+  0.010 
+  0.021 
+  0.042 

in 

Mean 

fo. in".) 

.Mean 

+  0.  (ll'S 

Nelll 

of  Zenith 

Dec.  20 
21 

2:; 

!) 
11 
L0 

+  1.01' 

+0.98 

+  0.88       - 

-0.05 
0.09 
0.01 

+  o.l  us 

+  0.OS1 

+  i  i.i  is: 

+  0.56 

+  0,12 
+  0.46 

0.02 
-0.05 

ii.nl 

+  O.IM',0 

(  0.034 
'  0.045 

30 

Me, in 

+0.091 

Mean 

+  0.04.-. 

70 

Mean  ot  all 

+0.056 

Mean  o 

fall 

+  0.035 

It  will  lie  seen  that  there  appeals  to  be  a  marked  differ- 
ence  bi  results   for    stars    moving    from    lefl    to 

lit    to  left.     Thus,   we 

have 

South 

I—  ■  I  I      C.srt 

Dec.  20     +IMIS7     +0.041     I    Dec.  23     +0.043      H 3 

21      +u  o.v.i      -  n  '<]:;  M,  a ;•_'      •  ""17 


from  the  above  results  it,  may  be  inferred  that  the  differ- 
ence m  t  he  persona]  errors  in  obsen  ing  transits  oxer  single 
and  double  lines  is  composite;  one  part   being  dependent 

011    the   direction    of   the   motion  of   the   star,  and  tl ther 

being  due  to  erroneous  bisection  of  the  interval  between 
the  double  lines.  If  we  denote  the  equatorial  value  of 
tin    i      ements  by  x  and  y,  we  have 
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x  +  y  =  +0.045 
whence  as  =  +0.036 


x  -  ,/  =  +0.028 
',,  =  +0.009 

There  was  then  mounted  another  ruled  plate  having  a 

central  tally  of  seven  single  lines,  and  two  side  tallies  of 
four  double  lines  each.  The  spaces  were  vei  \  closely  the 
same  as  on  the  former  plate. 


In  the  series  following,  each  star  was  observed  over  all 
the  lines;  the  single  and  double  groups  were  separately 
reduced. to  the  center,  and  directly  compared. 

The  algebraic  difference  is  taken  in  the  sense  of  double 
minus  single  lines. 


Date 
1SS9 

June  24 

25 

July    4 


June  2  1 

25 

July     4 


No. 
Stars 

9 

11 
13 
12 

45 


8 

8 

10 

12 


38 
83 


South  of  Zenith 


+  0.06 

+  U.11 
+  H.17 
+  0.14 


-0.15 
-0.26 
-0.21 

-0.47 


-0.010 

-0.014 

-  0.003 

0.027 


+0.06 

0.15 

-0.01O 

+  0.11 

-0.23 

-0.011 

+  0.17 

-0.20 

-  0.002 

+  0.13 

-n.44 

-0.026 

Mean 


+0.39 

+  0.22 
+  0.70 
+0.26 


North  of  Zenith 
(Mill 

-0.30 
-0.17 
-    0.52 


-0.014 


+  0.049 
—0.010 
+  0.053 
-0.022 


Mean 


Mean 


+  0.015 


Mean 


-0.01  I 


+0.23  0.00  +0.029 

+0.12  -0.09  +0.004 

+0.33  -0.09  +0.024 

+  0.16  -0.20  -0.003 


+  0.012 


Mean  of  all 


0.000 


Mean  of  all 


-0.002 


18S9 

June  24 

25 

July    4 

Letting 
we  have 


+  0.059 
+  0.004 
+  0.056 


North  I 
•   cos  fi 

+  0^039 
+0.015 
+  0.026 


•.inus  South 
1888 


July;")      +0.005 


e  cos  8 

+  o!o23 


Mean      +0.02!)      +0.026 
and   y   represent  the  same  elements  as  before, 


x  +  y  =   +II.H12 
whence  x  =   —0.001 


x  —y  =   -0.1114 
y  =   +0.013 


It  is  apparent  that  the  second  element  —  the  erroneous 
bisection  of  the  interval  between  the  double  lines  —  is  per- 
sistent, with  practically  the  same  value;  while  the  effect 
of  the  direction  of  the  star's  motion  is  not  appreciable. 


ON   THE   ORBIT   OF   v  CASSIOPEIAE, 

a  =  01'  43"'. 0     ;     o  =  +57°  17'. 
By     GEORGE     C.     COMSTOCK. 


The  material  available  for  a  determination  of  the  orbit 
of  this  star  consists  of  a  fairly  continuous  series  of  obser- 
vations by  all  the  principal  double-star  observers  from  the 
epoch  1820  to  the  present  time,  during  which  period  the 
companion  has  moved  through  an  arc  of  a  little  more  than 
141 13.  This  is  supplemented  by  a  few  scattering  observa- 
tions during  the  forty  years  preceding  1820  which,  if  they 
may  be  trusted,  add  ten  or  twelve  degrees  to  the  observed 
motion.  But  at  best  the  observed  motion  of  the  satellite 
falls  considerably  short  of  180°.  and  would  therefore  leave 
room  for  some  doubt  as  to  the  measure  of  confidence  to  be 
given  an  orbit  based  upon  such  data  even  though  the  ob 
servations  themselves  were  unimpeachable,  l'.ut  the  earlier 
observations  are  far  from  being  ol  this  character.  Scanty 
in  number  they  are  hopelessly  discordant  among  them- 
selves, so  that  the  considerable  discrepancies  that  exist 
among  the  half  dozen  or  more  orbits  that  have  been  com- 


puted   for    i]    Cassiopeiai    are    chargeable   in   great   part    to 
the  varying  interpretations  accorded  these  data. 

The  most  recent,  and  presumably  the  best,  of  these  orbits 
is  that  of  See,  based  upon  observations  to  1895  inclusive 
i  Evolution  of  the  St,  Uar  Systems,  p.  72),  and  its  inadequacy 
is  sufficiently  shown  by  a  comparison  of  the  ephemeris 
there  given  and  reproduced  below,  with  the  following  an- 
nual means  of  recent  observations  of  this  star,  which 
include  all  data  subsequent  to  1805  that  I  have  been  able 
to  find. 

Ephemeris   (See's  Elements). 

Epoch  p  8 


L  896.5 

207.6 

4.73 

1897.5 

210.1 

4.68 

L898  5 

21  ."..7 

L62 

1899.5 

217.2 

4.55 

L  900.5 

221.1 

4.46 

Ii(5 
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Observations  oi    >/  '  'asslopi 
l>  s  <  Observers 


1896.SJ 

207.9 

o  1" 

6 

• 

210  1 

5  07 

18 

IS98.70 

2 1 5. 1 

6 

1900.73 

219.0 

5.16 

6 

190]  S-l 

224  0 

5.28 

1 

Hus  ey,  Aitken 
Hus.,  Ail  .  Dob  .  Doo 
Utken,  Bryant 

.  ( !omas  Si  >la 
( loins!  i  ick 

U\  extrapolation  Erom  the  ephemeris  I  find  for  the  com 
puted  distance  at  the  jiven  above,    s  -    I".:;:;. 

indicating  by  comparison  with  the  observations  that  an 
error  of  a  second  of  arc  lias  accumulated  during  the  last 
-ix  years,  a  period  within  which  the  motion  in  position- 
angle  has  been  onlj  20  . 

This  failure  ol   the  orbit  i  lue  to  errors  in  the 

early  observations  bj  Sir  \V.  Herschei.,  and  maj  serve  to 
illustrate  the  danger  ot  treating  these  notoriously  crude 
res  as  adequate  data  upon  which  to  base  an  orbit- 
determination.  Bui  without  the  use  of  these  observations 
the  orbit  is       I  esent  time  indeterminate  since  a  num- 

ber of  very  different  ellipses  can  be  made  to  tit  the  obser- 
vations subsequent  to  1820,  within  the  limits  of  their 
probable  errors.  For  example,  1  find  hj  plotting  upon 
See's  apparent  orbit,  p.  76  of  the  work  cited,  the  observa- 
tions above  given,  that  a  cin  dius  1<)".0  with  its 
center  at  the  point  p  -  10°.7,  s  =  5".2,  satisfies  the  ob- 
servations from  1820  to  1895  quite  as  well  as  does  See's 
ellipse,  and  also  satisfies  verj  well  the  recent  observations 


without  introducing  into  the  representation  of  those  prioi 
to  1820  errors  of  improbable  magnitude.  Upon  the  whole 
this  circle  makes  a  very  fair  representation  of  the  observed 
data,  and  from  it  I  have  derived  the  following  orbit  with 
which  are  printed  for  comparison  Ski's  elements  from 
which  the  preceding  ephemeris  was  computed  : 


1  lOMSI  OCK 

S 1 .  E 

p 

500±  years 

195.76  years 

T 

1892 

L907.84 

a 

1 1 ".  1 

8".2128 

e 

0  .49 

ii  .:.l  11' 

a 

mi 

n;  .1 

i 

29 

45  .95 

A 

90 

217  .87 

I  do  not  regard  my  own  elements  as  furnishing  more  than 
a  very  crude  approximation  to  the  star's  real  orbit,  and 
perhaps  not  even  that.  They  correspond  to  one  oul  of 
man}  apparent  orbits  that  fit  reasonably  well  to  the  exist- 
ing data  and  at  present  there  are  no  means  I'm-  deciding 
which  among  these  orbits  is  the  right  one.  It  appears, 
however,  entirely  safe  to  say  that  both  the  periodic  time 
and  the  major  axis  of  the  real  orbil  are  considerably  greater 
than  has  hitherto  been  supposed,  even  when  due  allowance 
is  made  for  the  margin  of  uncertainty  attributed  by  See  to 
the  periodic  time,  ••  which  may  possibly  differ  several  years 
from  t  he  value  hen'  derived." 


OBSERVED    MINIMA    OF   320   U  CEPHEI, 

V,\     P.    S.    VKNDKl.l.. 


The  following  are  all  the  times  of  minima  of  V  Cephei 

observed    by  me   since    1895.      The    reductions   are  made  in 

oi   this  and  other  variables  of 

pe  published  bj  mi     i  met  numbers  of  I  his 

Journal,  excepting  that  1  have  given  no  determinations  bj 

the    mean    light-Curve,  as    I    am    at    proem   engaged   upon  a 

study  of  the  light-variations  of  this  star,  with  a  vie\i   to 
onstruction  of  a  definitive  mean  curve. 
rhei e  are  ni ne  minima  in  all,  as  follow  s : 
1896  Ma\    L3,  twenty-two  observations,  from  8"  26™  to 
15    1 "  .  Loca    Mean   rune. 

Din        s  minimum  by  single  curve,  I3b  8  .  tvt.   I. 
of  minimum  by  equal  brightness  : 


8  I 


Before 

i  ii 
Hi  37 
II  ii 
II  12 
11  28 
II    16 


' .  '.  i " .  I . 


\n.i 

ii  s; 

I  I  19 

1  I  II 

I  I  in 

I  I  36 

M  ii 


Mean 

12'  i:"i> 

12  54.5 
11'  58.0 
L3  t.O 

13  ll.11 

12  58.9 


1899  September  4,  twenty-three  observations,  from   I0h 
33m  to  16'    r  . 

Time  of  minimum  by  single  curve.  1  I1  0m,  wt.  I. 
Time  ol  minimum  by  equal  brightness  : 

Before  Alter  Mean 

M  h         III  ll         111  Ii         in 

8.4  12  30  15  55  II  L2.5 

8.6  11'  36  15  41  11  8.5 

8.8  12   II  15  31  14  6.0 

9.0  11'  45  15  21  14  3.0 


Mean  14      7.5 

Least  observed  light)  9".3. 

L  899  September  9.  twenty-three  observations,  from  10h 
16"  to  If.1  -J"'. 
Time  of  minimum  by  single  curve,  1-T1  52m,  wt.  4. 
Time  of  minimum  by  equal  brightness  : 

Before  Lfter  Mean 

H  ll        II.  1.       In  1.         "' 

s.l  12  I  15  36  13  50.0 

8.6  12  19  15  21  L3  50.0 

8.8  12  32  L5  17  L3  54.5 

9.0  12  .".7  15  12  13  54.5 


Mean         13  52.3 


observed  light,  9*.2. 
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1899   September   14,   fifteen   observations,   from    9*  56™ 
until  stopped  by  haze  at  15h  5m.    Least  observed  light,  9M,2. 
Time  of  minimum  by  single  curve,  13h  34m,  wt.  3. 
Time  of  minimum  by  equal  brightness: 

Before  After  Mean 

si  h       in  li       in  li        iii 

9.0         12  11         U  52         13  31.5 


1S99  September  24,  thirty  observations,  from  8"  28° 
15"  15'".     Least  observed  light.  9M.2. 

Time  of  minimum  by  single  curve,  12h  48'".  wt.  4. 
Time  of  minimum  by  equal  brightness : 


to 


8.4 

10  55 

14  55 

12   55.0 

8.6 

11    11 

14  29 

12  5o.o 

8.8 

11  28 

14  17 

12  52.5 

9.0 

11   39 

14     2 

12  50.5 

.Mean 


52.0 


1899  October  4.  twenty-six  observations,  from  S1'  23'"  to 
14"  21'".     Least  observed  light,  9". 2. 

Time  of  minimum  by  single  curve  11°  49'",  wt.  I. 
Time  of  minimum  by  equal  brightness  : 


8.4 

10     9 

1:;   17 

11 

58.0 

8.6 

10  18 

13  30 

11 

54.0 

8.8 

10  36 

13  19 

11 

5  7 . 5 

9.0 

10  50 

13     2 
Mean 

11 

56.0 

11 

56.4 

Time  of  minimum  by  equal  brightness: 


8.0 

8  58 

13   51 

11   26.0 

8.2 

9  23 

13  44 

11  33.5 

S.4 

9  39 

13   L3 

11    26.0 

8.6 

9  43 

13     0 

11    21.5 

8.8 

lo     0 

12  :>:> 

11    27.5 

9.0 

10  18 

12   47 

11  32.5 

Mean 


11    27.8 


Least  observed  light,  9M.2. 

1900  November  2,  sixteen  observations,   Erom   6h  30™  to 
11°  15m.     Least  observed  light,  9U.3. 

Time  of  minimum  by  single  curve,  9*  1";.  wt.  5. 
Time  of  minimum  by  equal  brightness: 


8.2 

6  57 

11      7 

9     2.0 

S.4 

7  20 

10  50 

9     5.0 

8.6 

7  50 

10  33 

9    11.5 

8.8 

8     0 

10  28 

9   14.0 

9.0 

8     3 

10  23 

9  13.0 

Mean 


9     9.1 


1901   October  7.  eighteen  observations,  from  7"  I.'!"1  to 
12°  3'".     Least  observed  light.  9".3. 

Time  of  minimum  by  single  curve.  9h  58"',  wt.  4. 
Time  of  minimum  by  equal  brightness: 


1899  October  1 1.  thirty-two  observations,  from  7'1  IS"'  to 
I411  22m. 

Time  of  minimum  by  single  curve,  11"  35"',  wt.  o. 


S.4 

Before 

11      in 
S   29 

After 
h        m 

11   39 

Mean 

10  4J0 

8.6 

S  34 

11   30 

10  2.0 

8.8 

S  40 

11  22 

10    1.0 

'.1.0 

8    17 

11  19 

10  3.0 

Mean 


10  2.5 


ON    THE    RELATIVE    ACCURACY    OF    CERTAIN    METHODS    FOR    REDUCING 

STELLAR    PHOTOGRAPHS, 


By    FRANK    SCHLESINGER. 


In  A.J.  No.  475.  .Mr.  Akthuk  B.  IIixks.  of  Cambridge, 

England,  has  a  paper  on  "  The  Methods  of  Reduction  and 
Publication  of  Measures  of  Celestial  Photographs  of  Iso- 
lated Star  Groups  ;  with  a  New  Reduction  of  the  Ruth- 
erfurd  Praesepe  Plates."  These  plates  were  taken  by 
Hi  therfurd  in  1873  and  1877,  and  were  measured  in 
rectangular  coordinates  by  Dr.  Kretz,  Mr.  Hays  and  my- 
self at  Columbia  University  in  1898.*  Mr.  Hixks's  new- 
reduction  consists  chiefly  in  applying  Turner's  method  to 
these  measures,  whereas  my  reduction  had  been  made  ac- 
cording to  the  method  of  Jacobv.  Many  papers  regarding 
the  relative  merits  of  the  these  two  methods  have  already 
appeared  in  this  Journal,  and  I  have  been  reluctant  to 
write  what  might  be  considered  an  addition  to  these.  But 
Mr.  Hinks  arrives  at  one  conclusion  which  is  so  important 
and  of  such  general  interest  that  I  must  permit  myself  to 

*  Contributions    from    the   Observatory  of   Columbia   University, 
Xo.  15. 


call  attention  to  it.  The  necessity  for  this  is  all  the  greater 
since  the  point  seems  to  have  been  misunderstood  in  more 
than  one  quarter. 

In  comparing  the  separate  results  from  the  eight  plates, 
Mr.  Hinks  finds  a  better  agreement  in  his  reduction  than 
in  mine,  and  concludes  that  Turner's  method  is  more  ac- 
curate than  Jacoby's.  Xow  between  the  two  methods 
there  is  only  one  essential  difference,  and  this  is  in  the 
way  the  effects  of  refraction  are  eliminated  from  the  meas- 
ures. All  other  differences  are  matters  of  mere  convenience 
in  computation  ;  were  it  not  for  refraction,  the  two  methods 
would  lead  to  precisely  the  same  numerical  results.  In 
Turner's  method,  the  effects  of  refraction,  along  with  those 
of  aberration,  precession,  etc..  are  determined  by  means  of 
"comparison-stars  ";  that  is,  the  measured  coordinates  of 
certain  stars  are  compared  with  their  known  positions  and 
the  required  corrections  are  thus  deduced.  Six  unknown 
quantities  must   be  determined,  and    at   least    three   com- 
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■    ssarj .      In   .1  u  obi  '-    method,    the 
correcl  on  are  computed  bj  different 

..i    Bessel's  well  known  expression.     A-fter  applying  these 
measured  i  other  correcl  ions  i  aber- 

ration, :  ained,   as    in   Tt  bner's 

:.  from  comparison-stars.  Onlj  four  unknowns  musl 
now  be  found,  and  thus  two  stars  are  jusl  sufficient. 

I'll. in  ili.   ■  it  would  appear  that   it'  anj 

;ards  accuracj    be  made,  it   should  be  in 

.  i  .1  \.  m:\ '-  there  are,  however,  two  pos 

sible  e  conclusioi        fhe  li  rs t  is  i  ha1   i  he 

i :  1 1 1  •  1  \  determined 
from  a  single  photograph  than  from  a  differentiation  of 
Bessei/s  well  tried  formula.  The  sit.. ml  is  that  a  photo- 
graph nia\  I  is  to  make  I  he  ■■  scale  value  " 
vary  with  the  position-angle.  This  special  kind  of  dis- 
i  w ould  1"'  a  in  Ti  k\ er's  method,  bul  aol 
in  Jacoby's.  It.  however,  the  distortion  take  any  other 
form  (and  equallj  probable  ones  suggesl  themselves), 
neither  method  would  take  it  into  account.  Moreover,  so 
1   know,  no  astronomer    has  yel    published  a  well- 


grounded  statement  of  the  actual  discover}  of  a  distortion 
which  followed  i  systematic  law  over  the  entire  surface  of 
a  plate.  Professor  Ti  kner  himself  has  declared  emphati- 
cally  against  the  existence  of  systematic  distortion.* 

The  i.ii  t  thai  Mr.  IIinks  has  secured  a  better  agreement 
between  the  plates  than  in  my  reduction  is  capable  oi  a 
simple  explanation.  He  has  used  thirtj  two  comparison- 
stars,  while  I  have  used  onlj  five.  The  con  tanl  of  the 
plates  arc  therefore  more  accurately  determined  by  him, 
and  a  slightly  better  agreement  was  to  be  expected.  My 
reasons  for  using  sn  small  a  number  of  comparison-stars, 
as  well  as  the  fact  that  a  larger  number  would  lead  to 
somewhat  better  results,  arc  indicated  mi  pages  234  and 
235  of  my  paper  on  the  Praesepi  group.  It  should  be 
remarked  that  whatever  objections  may  be  urged  against 
Ti  bneb's  method  fall  away  when  the  i  nun  her  of  com  pari  son- 
stars  is  large.  As  Mr.  JIixks  used  thirty-two  stars  he  is 
justified  in  employ  inn  his  convenient  method.  <  >n  the  other 
hand,  as  I  used  only  five  stars.  Jacobt's  method  was  to  be 
preferred,  in  spite  of  the  slight  additional  labor  involved. 

*Mon.  Not.  of  the  B.A.S.,  Vol.  LXI,  No.  5,  page  312. 


TI  IK    NOVEMBER   LEONIDS,    1901. 

Bi   THEO.   1.   KING,    ^ssistani   Astronomer. 
Communicated  bj   the  Superintendent  of  the  U.S.  Naval  Observatory.] 


tin  the  nights  oi  November  13,  II  md  15,  observers  at 
the  CJ.S.  Naval  Observatory  watched  for  Leonids,  beginning 
about  11"'  ;><)'"  of  the  as!  ronomical  daj  The  sk\  for  the  most 
part  was  reasonably  free  from  clouds,  but  the  worst  inter- 
inated  the  count  on  the  second  morning,  when 
were  most  numerous.  Prof.  F.  B.  Lit- 
mm.'-  ine  at  the  time,  counted  70  Leonids  between 

II    50      uid    L6    5      r5th  Meridian  Time),  and  states  that 
all  the   Leonids  were  bright,  with  tails  of  bluish 
color  lastini  conds."    A   careful  pro- 

jection of  the   position   ol    the    radiant    on    the  first    night, 
seemeii  i       it    a   little   to  the  south   and  cast,  of  15 

II  Leonis,  but   an  equally    careful  estimate  of  its  position 
from  the  more  eteors  of  the  last  night  trans- 

ferred  it    to    about   the    same   distance   north    ami    we  i    ol 


that  star,  making  its  approximate   right-ascension   '.)'• 
approximate  declination  +22£°. 


is 


cord  for  the  three  nights  is 

as 

follows 

Date         7"ith  Meridian  Time 

i. 

■onids  L 

Nov.   13     11'  30  to  16  It' 

14 

11     L2   lo        M   30 

I'l 

14     M  50        16  30 

7.'! 

15     11'  oti        15    lo 

4.". 

L53 


Total 

Professor  Littelx  was  with  me  the  greater  part  of  the 
first,  night,  and  observed  alone  the  latter  part  od  the  second 
night.  Computer  E.  I.  Yowei.i.  also  voluntarily  rendered 
assistance  during  a  portion  of  the  first  and  last  nights,  and 
Mr.  II.  II.  Morgan  for  a  short  time  on  the  firsl  night. 


CORRIGENDA 
i,    4:;.  col.  '.'  :       l"  eq.  (3)  insert  the  multipliers    sec/3,   and 
.    in  right  hand  members  for  p,  and  pa    respectively. 
"        p.  45,  col.  1  :       In  ■■',    (13),  term  in  tj   /<.>■  .r,  ,r    put    .n — cr.; 
"        p.  46:-    [n  eq.  (22),  third  term  of  2d  eq.,  in  denominator,  for 
1 — ecos(u     to)  put   If'  .osd/—  oi). 
p.  16,  col.  I,  bottom  line  :  put  bj   after  multiplied. 


No.  510,  p.  46,  col.  •_'.  line  21  from  bottom :  for  the  same  put  as  great  a. 

p.  -IT.  col.  1.  line  12  from  bottom:  for  and  ;/-  put  +;/-. 
•'       p. 47,  col.  2,  line  20  from  bottom  :  for  <l  put  — 1. 
No.  511,  p.  56,  col.  t.  tine  3  from  bot. :  for about  the  two  put  about  two. 

p.  .'iT.  col.  I.  line  8  from  top  :  for  their  put  its. 
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NOTES   ()X    VARIABLE   STARS,  — No.  36, 

By  HENRY  M.  PARKHURST: 
Aperture.     From  July  until  October,  1901,  the  observa-   '  photometric  apparatus  belonging  to  the  telescope  of  9  inches 
tions  were  made  in  Ohio  with  4  inches  aperture,  using  the      aperture  in  Brooklyn,  N.Y. 

Results  of  Observations. 


Individual  Observations. 

Including  Observations  by  Arthur  C.  Pebby, 


1717   V  Tauri. 


(Continueil  from  1*7. 
Julian      Calendar       Mai; 

1900 

6317.6  Oct.  24 
5345.5  Nov.  21 
5374.5  Dec.  20 


5407.6  Jan.  22 
5423.5  Feb.  7 
5424.5  8 
5426.5     10 


13] 

12] 
12] 

11.72, 
9.65, 
9.48! 

L0.24! 


1717    V  Tau 
Julian    Calem 

L001 

5429.5  Feb. 

5434.5 
5  I ."'7.5 

5451.5  Mar. 
5456.5 
5460.5 
5471.5 


-Cont. 
Mag 

9.37 
9.65j 
10.092 

9.27s 
9.39a 

iH.i;, 
11.21 


2625   V  Geminorum. 

(Tout. from  4«s.  Comp  Stars468) 
Julian     Calendar        Mag. 


5471'. 5  .Mar.  28   8.6 


5473.5 
5476.5 
5478.5 
5487.6 
5502.5 


Mar.  29 

Apr.  1 


2684  S  Canis  min. 

(Cont.from  168.  Comp  Stars  hi 


Julian      Calendar 

1901 

5471.5   .Mar.  27 
5171.5 

Apr. 


8.68„5476J 
8.73.  5487.* 


8.00 
8.78J 
9.91, 


30 

1 

12 


5502.5 

:,;ais.;,  May 
5511.5 


Mag. 

8.63, 
8.44„ 
8.34 
8.322 

7.S  I. 
7.D5, 
7. 1  7, 


268  I  's  ( 'anis  mil 
Julian     Calendar 

1901 

5517.5  May  L2 

5519.6  14 
5521.6  16 


-Cont. 
Mag 

7.97s 
7.30 
7.66. 


2689  Z  Puppis. 

(Cont.frnm  4s7  (  omp.  - 


1901 

5441  5  Feb.  25 
5472.5  Mar.  28 


9.9 

lo.:; 
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2689  Z  Puppis.  — Coat. 
Julian    Calendar 

5473.6   Mar.  29  L0.41, 

5501.6  Apr.  26  7.85s 

5502.5            27  8.2p 

28  7.61, 

5504.5            29  7.54, 

2735  V  Canis  min. 
u  47„  i  omp.Stars470 

1001 

5471.5  Mar.  27       9.27. 

5475.5  31       9.93 

5487.6  \M-.  L2  9.53, 
5502.6  27       9.69 

3  5  M  lj     3  9.65, 

5511.5  6  8.89, 

5517.5  12  9.61, 

5519.6  11  8.08 
5521.6  16  8.32, 

27  12  S  Geminorum. 

Dued  from  403.) 

:, in.:.  Mar.  27  9.5 

5473.5     29  9.81 

5474.5     30  9.38, 

:,47.-,..-.     31  9.49s 

5470.5  Apr.     1  9.85, 

5487.6  12       9.57, 
3264    W  Cancri. 

(i_ont.fn, in  4>7    Comp.S  tars  384 

5473.5  Mar*29  11.0] 

5474.5  30  11.0] 

.-,17.-,.:,  31  11.0] 

5487.5  Apr.  L2  10.43, 

5492.5  17  10.06, 

5501.6  26  11.0 
5502.5  27       9.77, 
5506.5  May     1       9-23, 

5509.5  -I       9.25, 

5517.6  12  8.55, 
5521.6  16  8.85, 
5536.6  31  8.40 
5539.6  June   3  8."i  1, 

3994  S  Leonis. 

(Cont.f  3tars470 

1901 

5473.1  11-0] 

5501.6  A,,r.  26  11.0 

5508.6  May  3  10.22 

5509.6  1  L0.23. 

5517.6  12  10.72, 

5536.6  31  L0.77, 


13 

.-,  l; 

i'miim-. 

lulian 
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VARIATION    OF 


LATITUDE    FROM    MOLYNEUX'S    AXD    BRADLEY'S 
OBSERVATIONS, 

By  s.  C.  CHANDLER. 


The  following  article  presents  the  determination  of  the 
constants  of  the  polar  motion  from  the  observations  b\ 
AIoi.vxkix  at  Kew  with  his  Zenith-Tube,  and  by  Bradley 
at  Wanstead  with  his  Zenith-Sector.  The  results  of  my 
discussion  of  these  series,  in  A.J.,  Vol.  XI,  p.  85,  have  been 
taken  as  the  basis  of  this  investigation.  The  accompany- 
ing table  gives  the  values  of  n  there  derived,  with  the 
weights  taken  in  proportion  to  the  number  of  observations. 

First  the  question  must  be  examined  whether  there  is 
any  evidence  of  changes  in  the  line  of  collimation.  The 
instruments  being  non-reversible,  the  only  means  of  answer- 
ing it  is  by  scrutiny  of  the  observations  and  comparison 
with  the  record,  in  Bradley's  notes,  of  any  alteration  in 
the  instrumental  adjustments  which  could  influence  this 
element.  Any  change  in  the  relation  of  the  plumb-line  to 
the  tube  is  of  vital  consequence  in  this  regard.  Now.  od 
several  occasions  the  wire  sustaining  the  plummet  was 
broken  and  replaced  by  new  ones.  I  have  examined  the 
observations  in  each  of  these  cases  to  ascertain  if  there 
was  any  visible  effect,  with  a  negative  result  except  in  one 
instance  where  I  find  positive  proof  of  a  difference  of 
nearly  a  second  of  arc  in  the  measurements  made  before 
and  after. 

The  tirst  case  of  the  kind  at  Wanstead  during  the  obser- 
vations here  used  was  on  1727  Dec.  13,  when,  after  observ- 
ing ten  stars,  Bradley  has  this  note  : 

"  As  I  went  to  set  the  telescope  to  observe  it  Cass.,  I  somehow  or 
other  touched  the  plummet  and  broke  the  wire:  it  broke  this  time 
just  at  the  notch  at  the  top.  I  did  not  fix  on  another  till  after  ten 
of  the  clock,  just  soon  enough  to  observe  Cupel  In." 

He  then  observes  four  stars,  and  on  Dec.  14  and  15 
eleven  stars,  followed  by  the  remarks : 

"  By  these  observations  'tis  evident  that  there  is  no  sensible  differ- 
ence in  rectifying  the  instrument  with  the  present  wire  and  the 
former  that  was  broke;  for  the  observations  made  on  the  13th  and 
14th  days  differ  some  one  way  and  some  another,  whereas  did  that 
arise  from  the  plumb  line,  the  difference  ought  to  have  been  all  the 
same  way." 

An   independent  examination,  like  those  made  hereafter 
in  the  other  cases,  confirms  Bradley's  conclusion. 
The  second  case  is  on  172S  March  20: 

"As  I  was  letting  down  the  plummet  to  rectify  the  spot  to  ii.  after 

the  passage  as  usual,  the  wire  catched  in  something  and  broke  al i 

a  yard  from  the  bottom." 

"Mar.  20.  I  put  on  another  wire  this  evening.  Memorand.  "I' is 
sufficient  to  pinch  the  wire  with  the  head  of  the  small  screw  at  top 
(after  'tis  in  the  notch  and  drawn  up  with  the  plummet  en  )  without 
turning  the  wire  round  the  screw." 


Bradley  resumed  observations  on  Alar.  21,  but  doe 
record  whether  he  noticed  any  effect  on  his  results,  although 
it  is  manifest  that  the  matter  gave  him  some  solicit n 
will   appear  later.      In   order  to   settle  the  point    1 
reduced  anew  all  the  observations  from  February  to  April, 
inclusive,  and  taken  the  means  of  the  difference  for  each 
star  before  and  after  the  time  of  the  break,  with  the  follow- 
ing results,  where  the  column  A-  is  the  difference,  before 
minus  after,  expressed   in  polar  distance  ;  the  observations 
having  been  reduced  to  a  common  date  for  precession,  nuta- 
tion and  aberration;   and  the  weights   being   the   product 
divided  by  the  sum  of  the  number  of  observations  in  the 
two  groups. 
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1 
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The  mean  difference  is  +0".90,  with  a  probable  error  of 
±o".l  1.     Classified  according  to  position  we  have. 


Mais       II    A.  A 

S       0-12      +o".65    ±OT0 
8      12-24      +1.22    ±0.12 


Stars  Zen.Dist. 

8       North 

8       South 


+  1.02    ±0.11 
+  0.72    ±0.20 


This  seems  to  leave  no  reasonable  doubt  of  the  reality 
of  the  disturbance,  but  it  does  not  demonstrate  the  e 
•  date  of  it.  To  do  this  I  subtracted  the  mean  zenith-distance 
of  each  star  from  the  individual  values  and  arranged  the 
residuals  chronologically ;  and  then  took  the  averages  for 
each  date.  It  is  manifest  that  these  will  show  the  date  of 
the  break  by  a  discontinuity  at  that  point,  before  ami  after 
which  the  results  will  be  affected  in  opposite  directions  by 
the  change  in  collimation.     Thus  we  find: 
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The  demonstration  could  scarcely  be  more  direct  oi 

thai  the  breaking  and  replacing  the  wire 'on  Mar.  '_'n 
a  change  in  collimation.     I  adopl   this  conclusion 
without  cordingly  subtracted    the 

quantit  of  «  in  the  table  for  the 

Wanstead    before    Mar.  21,  Old  Style  = 
Apr.  1.  v      5i     e;    i.e.,  for  the  groups  2352090  2270,  in- 
clusive.    But  in  order  to  examine  the  effect  on  the  latitude- 
uts   1   have  made   two  solutions,  one  including  and 
servations. 
Another  breakage  of  the  wire  occurred  1728  June  2  l.t  I.S., 
and  again  Bkadlei  makes  no  comment  as  to  the  possibly 
i  ct.     In  this  instance  I  find  thai  there  was  nunc. 
an  examination  similar  to   the   preceding  giving   +0".ll 
".  for  i  he  difference  before  and  after  ;  thus  practically 
insensible. 

Subsequently  Bradlev  appears  to  have  notice, 1  ■ 
change  had  somewhere  occurred,  for  we  find  the  following 

"1728  Sept.  3.  I  took  off  the  wire  of  the  plummet  and  fixed  it  on 
again  about  a  quarter  of  an  inch  shorter,  so  that  the  bent  part  (that 
rested  in  the  notch  at  top)  might  be  cut  off  alter  t  was  again  fast- 
••  11.. I.  Tliis  l  did  in  order  to  try  whether  it  would  hang  exactly  the 
same  after  as  before  :  because  1  suspected  that  there  might  be  some 
difference,  t  lie  observations  of  last  year  not  exactly  agreeing  with 
those  of  this.  But  upon  my  adjusting  the  same  spot  to  the  plummet 
,ift,-r  I  had  altered  it.  as  I  had  done  before,  I  could  not  perceive  any 
difference  :  so  that  I  judge  this  difference  cannot  aris.-  from  the  un- 
certainty of  hanging  Of  the  wire  truly  in  the  same  place,  but  may 
possibly  proceed  from  -one  small  alteration  in  the  tube  itself.  &C,  if 

the  succeeding  observations  shall  be  found  to  confirm  the  small  dis- 
agreement thai  those  already  made  of  ;  Drac.  seem  to  show." 

"Sept.  10.     I  took  off  the  wire  alter  having  very  well  rectified  a 

it.  and  immediately  tixed  on  a  new  one,  and  then  compared 

the  same  spot  with   the  new  wire  as  before  with  the  old  one  :    hut   I 

could  not  perceive  that  there  was  the  least  difference  ;    I  am  sure. 

hail  there  been  a  quarter  of  a  second  odds,  I  could  have  discerned  it. 

The  reason  win  1  have  been  thus  curious  in  trying  whether  differ- 
ent wires  agree  with  each  other  is,  that  if  there  should  appear  any 
little  difference  in  the  different  years'  observations,  1  might  l»-  -mis- 
tied  that  it  cannot  arise  from  the  different  wires,  hut  must  proceed 
from  some  "tier  cause.     And  though  the  experiment  of   Sept.  3d 

might  seem  sufficient,  yet  because  that  was  made  with  the  same  wire 

iwhich  was  also  pieced  near  the  bob)  I  chose  to  repeat  tic  experi- 
ment in  the  manner  I  did  this  day  ;  which  has  not  only  confirmed 
the  former,  hut  also  makes  it  evident  that  the  tying  a  knot.  &c,  near 

or  ball,  dues  in.  harm." 

I  ha  nt  length  because  thej  ha  ■  e 

a  significant  historical  interest  quite  apart  from  the  ] it 

re  examining.     It  is  very  clear  thai   the  differences  in 

•ions  which  were  troubling  Bradley,  while  they 

were  partially  due  to  the  instrumental  change  in  March 

demonstrated,  were  in  reality  largely  due  to 
we  now  know  as  the  variation  of  latitude.     If  we  compare 
the  diagram  accompanying    this    article  with    Bradley's 
remarks  just  cited,  my  meaning  will  be  manifest.     In  virtue 


of  the  character  of  the  harmonic  curve  flowing  from  the 
two  terms  of  the  polar  motion,  in  a  seven-year  cycle,  the 

lut  n  uile  it],  to  near  the  em  1  of  1 727  was  almost  stationary, 
It  declined  in  tin'  spring  of  1728,  and  then  rapidly 
ins,-,  reaching  a  maximum  in  the  middle  of  September 
when  its  influence  became  visible  and  led  him  to  make 
the  experiments  just  recorded.  The  anomalies  that  dis- 
turbed  him,  and  which  he  thus  unsuccessfully  endeavored 
t,,  trace  to  an  instrumental  source,  had  their  origin  in  the 
phenomenon  with  which  we  are  now  familiar.  Its  vibra- 
tions wen'  palpable  under  his  hand,  s,,  near  iliil  Bradli  v 
come  to  the  discover}  of  the  polar  motion!  Thus  confi- 
dently can  we  now  trace  our  first  knowledge  of  it  to  the 
same  immortal  work  that  gave  us  the  aberration  anil  the 
nutation. 

Bradley's  conclusion  from  these  experiments,  that  in 
this  case  there  was  no  appreciable  change  in  collimation.  is 
botue  out  by  my  own  examination  of  the  case,  which  gives 
a  difference  of  +  0".25  to  be  sure,  but  with  a  probable  error 
of  ±0".1.>. 

The  only  other  accident  of  the  kind  during  our  portion 
of  the  series  was  on  17l".i  Sept.  30. 

"  This  morning  as  I  was  moving  the  telescope  to  set  it  for  '  'apella, 

tin-  wire  broke  just  at  the  notch  at.  top.  I  afterwards  fixed  on  the 
same  wire  again,  it  being  long  enough  without  piecing.  I  had  used 
this  win'  almost  twelve  months  without  breaking,  for  it  was  put  on 
Sept.  28,  I7is." 

Bradley  seems  to  have  been  reassured  by  his  experi- 
ments of  the  previous  year;  at  least  he  does  not  mention 
examining  this  case.  In  fact  we  find  that  no  disturbance 
occurred,  for  the  difference  between  the  observations  before 
and  after  is  only +0". 05   ±0".10. 

As  to  the  Kew  instrument,  the  plumb-line  broke  on  1726 
May  .'11  ami  was  replaced  by  a  thicker  one.  and  on  June  8 
a  heavier  plummet  was  put  on.  1  can  discern  no  effect  on 
tin-  observations. 

In  neither  series  is  there  any  evidence  of  disturbam 
the  collimation.  either  from  this  or  any  other  cause,  except 
the  one  above  established,  on  171'S  Mar.  20  (O.S.). 

The  results  of  the  solutions,  using  the  values  of  n  in  the 
table,  will  now  be  given.  Unknowns  were  introduced  for 
the  epochs  ami  semi-amplitudes  of  the  14-moS.  ami  annual 
terms,  ami  for  the  corrections  to  the  arbitrary  zero  of  each 
The  weights  were  employed  as  given.  First,  using  the 
whole  data,  with  the  ei  irrect  ion  necessary  between  2352090 
and  2270  (+0".90  subtracted  algebraically  from  the  /''si 
we  find 

q  -«r0=  -0".300  cos(<-2352164)  0°.84-0".303cos(O-27o> 

The  values  from  this  direct  solution  are  those  given  in 
the  "  Computed  "  column  of  the  table,  and  are  represented 
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.    i am.     The  corrections  to  arbitral] 
iv.  for  Rev    +0".16,  for  Wanstead  —  0".28;   which, 


subtracted  algebraically  from  the  «.'s,  give  the  "Observed  " 
values  of  q      q  ,  in  the  table  and  the  diagram. 


- 

P 

/■ 

s*d 

Comp'd 

11 

-C 

147-1 

1 

t  u.20 

• 

-H 

.28 

11.-I 

L532 

1 

.28 

11 

+ 

.07 

_ 

..-.1 

1569 

1 

+ 

.15 

.01 

_ 

.07 

+ 

.06 

1591 

1 

+ 

.24 

+ 

• 

_ 

.13 

+ 

.•-'1 

L629 

2 

.11 

_ 

.27 

_ 

.18 

— 

.09 

1642 

•• 

_ 

.03 

_ 

.19 

_ 

.18 

_ 

.'H 

1659 

•  ) 

— 

.33 

_ 

.49 

_ 

.17 

_ 

.32 

1671 

1 

_ 

.07 

_ 

•>•; 

_ 

.15 

_ 

JIS 

1712 

2 

+ 

.31 

+ 

.15 

— 

.07 

+ 

..., 

1732 

3 

+ 

.31 

+ 

.15 

_ 

.02 

+ 

.1  7 

1  752 

•  • 

+ 

.  i  '_' 

+ 

.56 

+ 

.01 

+ 

.55 

L865 

1 

— 

.19 

— 

.35 

+ 

jil 

— 

.36 

2000 

1 

+ 

.35 

+ 

.19 

+ 

.06 

+ 

.13 

2053 

1 

_ 

.13 

_ 

.•J'.i 

+ 

.12 

_ 

.11 

2082 

1 

+ 

.1.-, 

* 

.29 

+ 
+ 

.12 
.12 

+ 

.17 

2090 

7 

+ 

.11' 

— 

.20 

'.V 

2110 

6 

+ 

.29 

_ 

.33 

+ 

.08 

— 

.11 

2130 

5 

+ 

,:;i 

_ 

.28 

+ 

.111 

_ 

.32 

2150 

■> 

+ 

.42 

_ 

.20 

_ 

.02 

_ 

.18 

2170 

3 

+ 

.36 

_ 

.26 

_ 

.09 

_ 

.17 

2190 

2 

+ 

.38 

_ 

.24 

_ 

.15 

_ 

.09 

2210 

6 

+ 

.33 

_ 

.29 

_ 

.-.'1 

_ 

08 

2230 

3 

+ 

.1)7 

_ 

.55 

_ 

.25 

_ 

.30 

2250 

6 

+ 

..-.1 

_ 

.11 

_ 

27 

+ 

.16 

2270 

1 

■+- 

.76 

+ 

.1  1 

— 

25 
.21 

+ 

..".'.1 

2290 

l 

.68 

_ 

to 

.19 

2310 

2 

_ 

.98 

_ 

.70 

_ 

.11 

_ 

.56 

2330 

•  > 

_ 

.25 

+ 

.03 

— 

.05 

+ 

.08 

2350 

■_' 

— 

.49 

_ 

.21 

+ 

.05 

_ 

.26 

2370 

•  • 

_ 

.it; 

+ 

.12 

+ 

.16 

_ 

.in 

2390 

7 

0  19 

-0.21 

-t-0.25 

-0.46 

t 

f  — 

<.',, 

350000+ 

P 

n 

Obs'd 

( lomp'd 

O- 

1 

2410 

1 

+  ( 

'34 

+  C 

.62 

+0.33 

+  ( 

i".i 

2430 

9 

+ 

.11 

+ 

.69 

+  .38 

+ 

.31 

2450 

1 

+ 

.10 

+ 

.38 

+  .39 

_ 

.111 

2470 

6 

+ 

.18 

+  0.46 

+  .35 

+ 

.1  1 

2490 

•> 

+ 

.71 

+  1.02 

•  .28 

+ 

.71 

2510 

3 

+ 

.02 

+  1 

.30 

+  .18 

+ 

.12 

2530 

1 

— 

.39 

_ 

.11 

+  .05 

_ 

.16 

2550 

1 

_ 

.25 

+ 

.03 

.09 

+ 

.12 

2590 

1 

_ 

.37 

_ 

.09 

—  .35 

+ 

.26 

2610 

6 

_ 

.11' 

_ 

.1  1 

-  .44 

+ 

.30 

2630 

5 

-C 

.77 

_ 

.49 

-  .48 

_ 

.ill 

2650 

.'! 

-1.05 

_ 

.77 

.48 

_ 

.29 

2690 

•» 

-0 

.79 

_ 

.51 

.33 

_ 

.18 

2730 

5 

— 

.Ki 

+ 

.18 

-  .03 

+ 

.21 

2750 

.'! 

_ 

.21 

+ 

.117 

+  .14 

_ 

.07 

2770 

2 

+ 

.30 

+ 

.58 

+  .30 

+ 

.28 

2790 

6 

+ 

.ill' 

+ 

.30 

+  .43 

_ 

.13 

2810 

7 

+ 

99 

+ 

.50 

f  .52 

_ 

.02 

2830 

•'! 

+ 

.41 

+ 

.69 

+  .56 

+ 

.13 

2850 

2 

_ 

.01 

+ 

■  >- 

+  .r,l 

— 

27 

2870 

3 

+ 

.21 

+ 

.49 

+  .47 

+ 

.02 

2890 

0 

+ 

.28 

+ 

.56 

+  .35 

+ 

.21 

2910 

4 

_ 

.36 

_ 

.IIS 

+  .1!) 

— 

.27 

2970 

1 

+ 

.12 

+ 

.in 

—  .35 

+ 

,75 

3010 

2 

— 

.77 

— 

.49 

—  .57 

+ 

.08 

3090 

1 

_ 

.03 

_ 

.35 

-  .34 

_ 

.01 

3170 

6 

+ 

.61 

+ 

.89 

+  .38 

+ 

.51 

3190 

1 

+ 

.27 

+ 

.55 

+  ..-.1 

+ 

.04 

3290 

3 

_ 

.09 

+ 

.19 

+  .31 

_ 

.12 

3310 

3 

+ 

.08 

+ 

.36 

+  .17 

+ 

.19 

3350 

1 

f-0.02 

+  0.30 

-0.22 

+0.52 

In  order  I  effect  variations  in  the  con- 

of  the  annual  term    would    have  on   those   for  the 

1  I  mos.  term,  an  indeterminate  elimination  gave  y  and  % 

in  terms  of   rj  and  £  (see  A.J.,  Vol.  XII,  p.  177 1.  as   fol- 

y  =  +0".266       0.598,,    '  0.200£  1 
-0".219   -o.ooi  ,,   -0.597  ,    , 

itions  will  •  -  make  various  hypothe- 

.iid  G,  and  find  the  coi  ilues  of  1 

If  v.  1  -.  A.J.,  Vol. 

XIV,  p.  7  1828    to  1892,  G 
proximately  betv. 

it'll  :  the  Lverage  ilu<                     on  p.  71,  I.e., 

0  shown  that 

limits  of  rt  correspond  I  minor  semi- 

lipse.  II    now  we  make  difl 


hypotheses  1  l\'  below,  corresponding  to  various  combi- 
nations of  these  limits :  also  V  ignoring  the  annual-term, 
and  V I  with  the  mean  values:  we  find  by  the  above 
equations  for  rj  and  v  the  corresponding  semi-amplitudes 
and  epochs  of  the  1  1-mos.  term  under  "A"  below. 


Hyp. 

G 

r2 

>'i 

'A 

n 

r, 

1 

360 

0.15 

0.27 

21SS 

0.23 

2216 

IT 

27ii 

.15 

.29 

2216 

.:;i 

2236 

III 

360 

.in 

.35 

2205 

.30 

22 1 5 

IV 

270 

.in 

,33 

2204 

.32 

2221 

V 

.00 

.34 

2200 

.32 

2215 

VI 

317 

0.136 

0.25 

220;; 

0.25 

2230 

A    similar  solul  ding   the  dates   2352090  2270 

which  were  affected  bj  the  change  in  collimation.  gave 


y  =  +0".201 
z  =  -0".253 


0.603tj    +0.371  t  > 
0.273„   -0.482C  \ 


(A') 
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and  thence  the  values  of  /•;    and  1\  under  "B  "  above. 

It  will  be  seen  that  all  the  values  of  Tl  range  within  the 
limits  2352188  and  2352236,  and  those  of  >\  between 
0".23  and  0".35. 

The  purpose  of  this  calculation  is  two-fold  and  the  in- 
ferences that  may  be  drawn  from  it,  in  connection  with  the 
result  of  the  direct  computation  of  all  four  constants,  are 
important.  First,  whatever  the  uncertainty  as  to  the  con- 
stants of  the  annual  term  at  this  epoch  may  be,  the  radius 
of  the  14-mos.  term,  which  according  to  the  investigation 
in  A.J.  494  ranges  between  0".05  and  it". 24.  was  in  1728 
near  the  maximum.  Secondly,  this  uncertainty  cannot 
affect  the  average  period  of  the  14-mos.  term  which  we  get 
by  comparison  of  the  result  from  Hiiauley  with  the  modern 
observations,  a  range  of  174  years,  by  more  than  a  quarter, 
or  probably  by  more  than  a  tenth  of  a  day  :  so  that  this 
element  is  fixed  within  very  precise  limits. 

Inversely  we  may  draw  similar  inferences  as  to  the  in- 
fluence of  possible  uncertainty  in  the  constants  of  the 
14-mos.  term  upon  the  annual  term.  From  {A)  and  (Z?) 
we  have, 


v  =  +0".008   -1.230y   -0.9-17 z  )     „ 
£=  -0".529   +  0.697  y   -1.537  s  j  ^ 

If  now  we  make  various  hypotheses  as  to  2\  and  ;-,  cover- 
ing their  probable  ranges  we  find  the  corresponding  values 
of  r2  and  G  for  the  two  solutions  (A)  and  (B),  as  below: 


Hyp. 


r,  =  +  0".3O6   -1.589//   — 0 

t  =  -0".416   +0.251//   -1.592  s  j 


'■1(A) 


I 

2150 

0.24 

0.38 

11 

0.48 

38 

II 

2150 

.05 

.47 

331 

.50 

6 

III 

2200 

.24 

.16 

323 

.18 

25 

IV 

2200 

.05 

.46 

326 

.45 

1 

V 

.00 

.52 

326 

.52 

359 

VI 

2197 

0.14 

0.31 

327 

0.36 

9 

From  these  results  we  draw  the  important  conclusion 
that  the  major-axis  of  the  annual  ellipse  in  1728  lay  some- 
where near  the  Greenwich  meridian,  under  any  probable 
assumption  that  we  can  make. 

All  the  conclusions  just  indicated  will  be  valuable  in  as- 
sisting us  to  a  knowledge  of  the  law  of  the  anomalies  in 
both  terms,  which  were  approximately  developed  in  A.J.  489, 
490  and  194.  when  the  results  of  the  observations  of  the 
next  few  years  are  at  hand. 


ON   THE   VARIABLE   STAR  6684   U  VULPECULAE, 


By  P.  S.  Y 

Since  making  the  observations  of  this  star  published  in 
A.J.  477,  I  have  observed  it  fifty-five  times  during  the 
season  of  1900,  and  nineteen  times  in  1901. 

At  the  close  of  the  season  of  1900.  I  made  a  preliminary 
reduction  of  my  observations,  and  finding  the  negative 
residuals  of  the  previous  year  continued,  I  assembled  the 
observations  of  both  j'ears,  one  hundred  and  eleven  in  num- 
ber, and  formed  from  them  a  mean  light-curve,  using  the 
period  7l,,98,  published  by  Pickering  in  H.C.O.  Circular, 
No.  41.  This  was  done  in  preparation  for  an  examination 
of  my  results,  with  a  view  to  obtaining  corrections  to  the 
star's  elements  of  variation  ;  but  the  work  was  interrupted 
at  the  completion  of  the  mean  light-curve,  and  no  oppor- 
tunity of  resuming  it  occurred  until  the  present  month. 

.My  observations  of  the  star  for  the  present  year  were 
taken  up  late,  at  the  beginning  of  October,  and,  as  seen 
above,  are  few  in  number,  in  view  of  which,  the  very  satis- 
factory mean  light-curve  already  completed  was  adopted  as 
a  basis  for  the  reduction  of  the  observations,  without  in- 
corporating them  with  it. 

The  readings  from  this  mean  curve  are  given  in  the 
subjoined  table. 

It  will  be  noted  that  the  character  of  the  curve  is  that 
of  the  curves  of  most  of  the  variables  of  short  period,  and 
especially  resembles  that  of  T  Vulpectdae,  the  increase 
occupying  only  2.13  days  of  the  7.98  days  of    the  star's 


period  of  variation.  In  this  it  corresponds  in  character 
with  the  curve  of  Pickering,  already  mentioned,  and  dis- 
tinctly differs  from  the  symmetrical  light-curves  for  this 
same  star,  published  by  Muller  and  Kempf,  A.N.  3483, 
and  Luizet,  A.N.  3570.  The  conclusive  manner  in  which 
this  characteristic  of  the  curve  is  indicated  by  the  normals 
is  shown  by  their  mean  departure  from  the  curve  as  drawn, 
which  is  only  0M.037  for  the  twenty-three  normals. 

The  mean  light-range  shown  is  from  7". 00  to  7M.68,  as 
compared  with  Muller  and  Kempf's  6m.94  to  7". 01. 

Readings  from  Mean  Ltght-Cukye. 


Decrease 

Increase 

.1 

M 

d 

.1 

u 

0.00 

7.00 

+  3.25 

7.10 

-1.98 

7.07 

+  0.25 

7.01 

3.50 

7.43 

1.7;; 

7.01 

0.50 

7.01 

3.75 

7.45 

1.48 

7.7.2 

0.75 

7.09 

I.OII 

7.48 

1.23 

7.42 

1.00 

7.15 

4.25 

7.51 

0.98 

7.32 

1.25 

7.21 

l  :,(i 

7.51 

0.7:; 

7.22 

1 .50 

7.20 

1.75 

7.57 

0.4  s 

7.17 

1.75 

7.::i 

5.00 

7.60 

-0.2:; 

7.03 

2.00 

7.33 

5.25 

7.0:; 

0.00 

7.00 

2.25 

7.:;:: 

5.50 

7.00 

2.5H 

7.34 

5.75 

7.68 

2.75 

7..'i"> 

+  5.85 

7.682 

+  3.00 

7.37 

All  my  observations  of  the  star  for  the  years  1899, 1900, 
and  1901  were  reduced  by  the  use  of  this  curve,  all  phases 
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indicated  by  isolated  single  observations  al  a  magnitude 
corresponding  nearlj  to  the  mean  maximum  or  minimum 
light  being  rejected,  and  no  determinations  by  3 
being  included. 

The  reductions  resulted  in  twenty-one  maxima  and  fifteen 
minima,  which  are  shewn  in  the  following  table. 

ed   Maxima    n  d   Minima. 


M    VMM  A. 

K 

Local  M.T. 

.1    1 

O— C 

80 

1899  Julj      2.49 

.'■ 

0.00 

—0.02 

82 

18.38 

1 

0.07 

11  09 

S3 

26.43 

•» 

0.00 

-0.02 

84 

Aug.     3.31 

3 

-0.10 

-0.12 

85 

11.84 

1 

+  0.47. 

+0.43 

^7 

27.51 

1 

+  0.16 

+  0.1  1 

ss 

4.33 

.'! 

0.00 

-0.02 

89 

11.97 

1 

0.34 

-0.36 

90 

20.24 

:; 

1  m  15 

0.07 

91 

28.34 

1 

+  11.117 

•  0.05 

96 

Nov.     7. Hi 

l 

+0.29 

+  0.27 

1  22 

1900  June    1.97 

:; 

-0.(17 

-0.70 

124 

18.46 

•  > 

-0.14 

-0.17 

\-::> 

,lul\    28.66 

1 

4-0.16 

+0.13 

131 

\:        14.03 

3 

+0.57 

+0.54 

136 

22.83 

4 

+  (M7 

+  0.44 

1  12 

Nov.     9.32 

1 

+  0.09 

+0.05 

• 

1901  Oct.      2.51 

:; 

+  0.I0 

+  0.06 

184 

10.40 

2 

f-0.01 

-0.03 

L87 

Nov.     2.44 

,'i 

n  39 

—0.93 

188 

11.38 

1 

+  O.D7 

-t-0.03 

M  [NISI  v . 

E 

Local  M.  T. 

Obs. 

O— C 

O— C' 

86 

L899   \        16.65 

1 

-0.59 

-0.61 

87 

25.34 

1 

+  0.12 

+  0.1O 

90 

17.42 

2 

-0.74 

-0.76 

125 

19 rune  24.18 

3 

-0.27 

-0.3Q 

127 

10.94 

1 

I  0.53 

+  0.50 

129 

26.86 

2 

+  0.I0 

+0.46 

L36 

20.98 

2 

+  0.75 

+  0.72 

137 

28.42 

2 

+0.21 

+  0.1S 

Oct.    22.35 

1 

+  0.20 

+  0.17 

184 

1901  Oct.      8.24 

2 

0.02 

-0.00 

1 85 

16.75 

1 

r-0.51 

+  0.17 

'-  r  28. 


In  addition  to  the  above  maxima,  the  observations  of 

Id 1  and   Kempf,  published  with  their  announcemenl 

of  the  star'-,  variability,  were  reduced  by  the  use  of  the 
same  eurve.  affording  six  additional  maxima,  available  for 
the  discussion  of  the  elements  of  variation. 

It  was  found  impossible  to  include  the  nine  maxima  of 
la  i/ir  1  l.i\T.3570)  in  the  discussion,  as  they  are  entirely 
discordant,  showing  residuals  uniformly  positive,  uoi f 

them   less  than  a  day,  and   1  heir  all   value  being  +ld,  IS. 

From  a  comparison  of  the  above  times  of  maximum  with 
the  computed  times  resulting  from  a  combination  of  Pi<  k- 
ebing's  period  of  7d.98  with  Mi  llek  and  Kempf's  princi- 
pal epoch  of  1897  Oct.  2.47  Greenwich  M:T.,  approximate 

elements  were  a    ! id   as   follows: 

1897  Oct.  2.303  Greenwich  M.T.,  +7d.9798E 

The  residuals  resulting  from  a  comparison  of  the  ob- 
served times  of  maximum  with  these  elements  are  shown 
in  the  column  0  — C.  A  discussion  of  these  residuals 
resulted  in  the  following  corrections  : 

To  the  Epoch,   +0d.008,   ±0".0009 

To  the  Period.    + '.)'". 00017    ±0d.00005 

Applj  ing  these  corrections,  the  resulting  elements  are 
Max..  1897  Oct.  2.311  Greenwich  M.T.,  +7d.97997E 

The  minimum  precedes  the  maximum  2d.13. 

These  elements  appear  to  be  the  best  at  present  obtain- 
able. The  residuals  found  by  a  comparison  with  them 
will  be  found  in  the  column  O  — C. 

The  comparison-Stars  used  were  as  follows;  the  magni- 
tude-scale is  that  of  the  Potsdam  Photometric  Diirch- 
mustevmng  : 


=   DM. 


Stabs   for 

V  Vulpet 

I 

ulae. 
ight-Scale 

1-20  1210 

6.64 

15.3 

21  3489 

6.97 

11.0 

18  11- -;7 

7.04 

10.1 

20  1179 

7.25 

7.1 

21  3863 

7.10 

1.1 

20  1215 

7.79 

0.0 

FURTHER  CHANGES   IN    NEBULA  AROUND   .Vol. I   PEBSEL 

The  folio  v  Dec.5  from  Harvard  College  Observatory,  was  sent  bj  Prof .  Campbell  : 

■•  Cbossle?  photograph  Dec.  4,  Pekbini  Yova  nebula  motions  condensations    land   B  continue.     Conden- 

ition  apparently  continued  but  form  changi         I         ensation  D  apparently  unchanged." 
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Variation  of  Latiti  de  from  Molynei  x's    vm>  Bradley's  Obsera  v  i  ion-.  k\   S.  <     Chandi  i  R. 
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CATALOGUE     OF    STARS    CERTAINLY    RECOGNIZED    AS    VARIABLE    SINCE 
THE    APPEARANCE    OF    CHANDLER'S    THIRD    CATALOGUE. 


As  preliminary  to  the  intended  publication  of  a  new- 
catalogue  of  variable  stars,  the  Committee  appointed  by 
the  Council  of  the  Astronomische  Gesellschaft  has  pre- 
pared a  list  of  those  stars  which  have  been  recognized  as 
certainly  variable  since  the  appearance  of  Chandler's 
last  catalogue.*  Thirty-six  of  these  stars  have  already 
been  provided  by  Chandler  in  the  Astronomical  Journal 
with  their  definitive  designation ;  they  have  here  been  in- 
cluded for  the  sake  of  completeness.  For  nine  other  stars 
Mr.  A.  W.  Roberts  has  introduced  names  in  his  recently 
published  list  of  Southern  Variables  i  Astr.Joum.  Nos.491- 
-i'.iL.'  i :  we  have  accepted  the  same  except  for  two  which 
were  erroneous.  From  the  unusually  large  number  of  the 
remaining  stars  announced  as  variable  within  the  last  five 
years,  those  have  been  first  chosen  whose  variability  has 
been  independently  confirmed  by  at  least  two  observers. 
This  condition  has  been  waived  in  a  few  cases,  and  then 
only  because  the  particulars  communicated  by  a  single 
observer  placed  the  variability  so  completely  beyond  ques- 
tion that  the  control  by  a  second  observer  could  be 
dispensed  with.  For  the  many  photographic  variables 
discovered  recently  at  the  Harvard  College  Observatory 
we  have  assumed  the  variability  to  be  sufficiently  sub- 
stantiated if  the  plates  were  examined  by  several  persons, 
and  also  if  the  indicated  amplitude  of  the  fluctuation 
amounted  to  at  least  a  full  magnitude. 

In  the  following  catalogue  the  first  column  contains 
Chandler's  number.  In  all  cases  where  two  stars  stand 
so  near  in  right-ascension  as  to  require  the  same  number, 
the  immediately  preceding  or  following  number  has  not 
been  assigned  to  the  star  last  discovered,  as  in  Chandler's 
catalogue,  but  the  correct  number  with  the  letter  <>.//.... 
appended. 

The  second  column  contains  the  provisional  notation 
recently  used  in  the  Astr.  Nachrichten. 

Column  3  gives  the  definitive  names  of  the  variables. 
The  boundaries  of  the  constellations  have  been   taken  in 

-  .1.7..  Vol.  XVI,  pp.  145-172. 


conformity  with  Argelaxber's  Uranometry  for  the  north- 
ern hemisphere,  and  with  Gould's  for  the  southern. 

Columns  4  and  5  give  R.A.  and  Decl.  for  1900.0,  and 
the  two  following  columns  the  precession  for  1900. 

Columns  8  and  9  contain,  for  the  convenience  of  ob- 
servers, the  chart-positions :  that  is,  for  the  stars  from  the 
north  pole  to  declination  —22°  inch,  the  places  for  1855 
(Nordliche  und  Sudliche  Bonner  Durchmusterung),  and  for 
stars  from  —23°  to  the  south  pole  the  places  for  1S7.~> 
(Cordoba  charts).  When  the  variable  is  contained  in  no 
star-catalogue  the  place  given  depends  on  the  data,  more 
or  less  certain,  furnished  by  the  observer.  Very  doubtful 
positions  are  indicated  as  such  by  giving  the  declinations 
only  to  whole  minutes.  An  accurate  determination  of  the 
place  of  these  stars  is  much  to  be  desired. 

The  columns  10  and  11  give  the  maximum  and  minimum 
magnitudes  so  far  as  they  are  known  with  moderate  cer- 
tainty. The  letters  in  the  last  column,  v.  (visual)  and  ph. 
(photographic),  allow  it  to  be  seen  whether  the  foregoing 
magnitudes  were  obtained  by  direct  observation  or  depend 
on  the  photographic  plates. 

In  general  it  is  to  be  remarked  with  regard  to  this  list 
that  it  has  been  prepared  in  duplicate  independently  by 
Messrs.  Hartwig  and  Miller.  Both  drafts  were  then 
compared  star  by  star  with  one  another,  and  till  doubtful 
cases  subjected  to  joint  scrutiny.  This  furnishes  a  reason- 
able assurance  of  the  completeness  of  the  catalogue  and 
the  trustworthiness  of  the  numerical  data. 

In  publishing  the  following  catalogue,  we  make  the 
earnest  request  that  observers  of  variable  stars  will  devote 
especial  attention  to  the  objects  therein  contained,  in  order 
that  we  may  be  in  position  to  provide  in  the  new  catalogue 
accurate  information  as  to  the  period  and  course  of  the 
light-variations. 

The  Committee  en  Publication  of  a  Catalogue  of  Variable  star>. 

Duner,  Hartwig,   Mi  ller,  * » <  demans. 
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Number 
Ch. 

l'r,,\  is. 

Notation 

1    V. 

Name 

Posit  ion 
R.A. 

for  1900.0 
Decl. 

Prec 
R.A. 

1900 
Decl. 

Char! 

north  of  - --: 

south  of  — •> 

R.A. 

-place 

:'.    :   eq.  1855 

3°  :  eq.  is-;.-, 
Decl. 

\i  igi 

Max. 

itude 
Min. 

65 

3.1900 

\  Andromedae 

0    in"  7.0 

+  40  27 

f:U  l 

!  o.:;:; 

h 

o     s  30 

+  40    1L'' 

8.9 

V 

1  17 

I; i;  Soulptoris 

2  1  32 

-38  36.5 

+  2.00 

+  o.:;;: 

23  is 

-38    11.7 

0.1O 

<H 

V 

l.M 

r  Phoenicia 

27.  35 

-40  7,7.7 

+2.91 

+  o.:;;; 

24    23 

-47      0.1 

9 

<12 

l'l' 

169 

\\"  Sculptoris 

28   17. 

-3.",  25.6 

+  2.00 

+  0.33 

27      1 

-33  33.9 

8.9 

<H 

I'll 

188 

9.1900 

\  ( lephei 

::i    l'.i 

+  70    Is.  I 

+  4.08 

t  o.;;;; 

28  is 

+  70  33.5 

9 

12 

V 

210 

/  Sculptoris 

35     •_' 

-34  30.2 

+  L'.03 

+  0.3:; 

:',.",  49 

-34  38.5 

6.7 

7.8 

V 

268 

V  Andromedae 

1 1  39 

+  :;.-,    i;.7, 

+3.25 

+  0.33 

12    13 

+  34  5 l.s 

8.9 

14 

V 

268a 

X  Sculptoris 

1  1   42 

35  27. S 

-t  2.88 

t  o.;;;; 

i:;  30 

-:;.-,  36.0 

9 

<13 

V 

276 

69.1901 

1;  I;  Andromedae 

17,  56 

+33  7.0 

+3.24 

i  0.33 

43  30 

+  33  35 

10 

<H 

V 

562 

23.1900 

Y  Andromedae 

l  :;;;  45 

+38  50.2 

+  3.50 

+  0.31 

1    31     8 

+  38  36.3 

0.10 

<12 

V 

7S7 

\\  Andromedae 

2  11   14 

+43  7,ii.7, 

+  3.77 

+0.28 

2     8  25 

+  43  37.8 

8 

<11 

V 

854 

S  1  [orologii 

22   22 

-on     1.2 

+  1.72 

+  0.27 

21  39 

-60     8.0 

9.10 

<12 

1.1, 

L066 

T  11..,, 

7.7    III 

-51"    2.2 

+  1.02 

+  0.24 

56  52 

-51     8.2 

8 

<11 

V 

L205 

68.1901 

Y  Persei 

3  20  55 

+43   19.6 

+  4.05 

+  0.21 

3  17  52 

+  43  40.0 

8.9 

9.10 

V 

1332 

S  I-'.  1 1 

11   56 

-24   12.:; 

+  2.50 

+  0.19 

40  52 

-24    I7.li 

5.6 

9 

V 

1375 

X  Persei 

49     8 

+  30    17.1 

+  3.74 

+  0.18 

•  10   20 

+  30  36.8 

6 

7 

V 

1  138 

V  Eridani 

59  45 

-17.  59.9 

+  2.74 

+  0.17 

57  42 

-16     7.5 

8 

9 

l'l' 

1  IS  l 

W  Eridani 

4     7   111 

-25  23.5 

+  2.51 

+  0.10 

4     G  17 

-25  27.5 

8 

<12 

l'l' 

1  752 

l    Leporis 

7.1'      1 

-21  L'L'.7 

+2.57 

+  O.10 

50     5 

—  21   27.2 

9 

10 

V 

1913 

s  1  (oradus 

5    IS    M, 

-69  21.1 

-0.42 

+  0.00 

5  19     6 

-69  22.7, 

8 

9.10 

l'l' 

1921 

W  A  :; 

20     9 

+  30  48.9 

+  4.00 

+  O.00 

17     0 

+  36  40.2 

9 

<12 

V 

1929 

71.1'.M'1 

Y  Am    m. 

21   32 

+  4L'  21.2 

+  4.27 

+  0.06 

18  20 

+  42   IS. 7, 

8.9 

9.10 

V 

2 

6.1900 

l;i;  Tauri 

33  17 

+  20   19.0 

+3.73 

+  0.04 

30  30 

+  20  17.1 

9 

<12 

l'l' 

2038 

Y  Tauri 

39  42 

+  20   30.2 

+  3.57 

+  0.03 

37     1 

+  20  37.8 

6.7 

8.9 

V 

2080a 

1.1900 

Z  Tauri 

If.    11 

+  15  46 

+3.45 

+  0.02 

44     0 

+  15  45 

9 

<11 

V 

2186 

8.1900 

X  Aurigae 

6     1  25 

+  50  14 

+4.68 

0.00 

6     0  54 

+  50  14 

8 

11 

V 

2328 

/.  .Monocerotis 

28     2 

-   8  48.2 

+  2.87 

-0.O4 

27,  7,;; 

-   8    10.1 

9 

10 

l'l' 

2335 

W  <  i-eminorum 

29  14 

+  15  24.5 

+  3.44 

-0.04 

26  39 

+  15  26.3 

7 

8 

V 

2376 

s  Lyncis 

35  7,i ; 

+  5S     0.5 

+  5.19 

-0.05 

.-,2     3 

+  58     2.8 

9.10 

<12 

V 

2404 

X  Geminorum 

in  43 

+  30  22.6 

+  3.S5 

-O.O0 

37  50 

+  30   25.2 

8 

<11 

V 

2468 

21.1900 

Y    M..ll..rt'1'Otis 

51   19 

+  11   22.4 

+  3.33 

-0.07 

48  40 

+  11    25.6 

8.9 

<11 

ph 

•JI7.-. 

X  Monocerotis 

52  25 

-   8  7,0.0 

+2.87 

-0.08 

50    10 

-    8  7,2.7 

8 

10 

l'l' 

255  1 

s  ( ';m.  maj. 

7     5  43 

-32    15.9 

+  2.25 

-0.09 

7     4  40 

-32  43.6 

9 

10 

V 

2565 

'_ 

1!  Vblantis 

7   IT, 

-72  51.3 

-1.07 

-0.10 

7  53 

-72  48.9 

8 

<io 

V 

2690 

19.1900 

7.  I'u].]. is 

28  is 

-20  26.7 

+  2.61 

-0.12 

26  21 

-20  21.1 

8.9 

<11 

V 

2781 

1;  ];  Puppis 

i:;  32 

-41      7.5 

+  L'.OL' 

-0.15 

42  41 

-41      4.0 

9.10 

10.11 

V 

2890 

1:  1  Puppis 

s     l  44 

-38  29.4 

+  2.10 

-0.17 

8     0  50 

-MS  25.2 

8 

10 

l'l' 

2899 

It  I "  Puppis 

3  10 

-22  37.4 

+  2.50 

-0.17 

1    11 

-22  20.7 

0.10 

11.12 

l'l' 

2933 

Y  Puppis 

S    7,1 

-34  50.3 

+  2.30 

-0.18 

7  53 

-34  45.0 

8.9 

10 

V 

2935 

l;s  Puppis 

9  14 

-34   10.0 

+  2.30 

-0.18 

8  10 

-34   12.2 

7 

8 

V 

3024 

L1901 

R  ( lhamaeleontis 

2 1     '_' 

-70      l.S 

-1.27 

-0.20 

2  1    33 

—  75  56.9 

- 

_ 

_ 

3028 

RT  Hydrae 

L'l     17, 

-    5   50.1 

+  2.00 

-O.L'O 

22  32 

-  5  50.3 

8 

9.10 

ph 

3089 

52.1901 

i ;  y  1 1 . 

::i   7,:: 

-    0    ll.o 

+  2.90 

-O.L'l 

32   13 

-   0     4.6 

7.8 

0 

l'l' 

3179 

X  Cancri 

19    i:, 

+  17   .■•,(',.7 

+  3.39 

-0.22 

17    13 

+  17  46.8 

6.7 

7.S 

V 

3244 

S  Pyxidis 

9     0  41 

-24  41.4 

+  2.6  1 

-0.24 

59  35 

-24  35.5 

s.o 

11 

l'l' 

3247 

70.1901 

V  lis.  maj. 

1      7 

+  51   32 

+  4.28 

-0.24 

57  54 

+  51    42 

9.10 

10.11 

V 

3321 

I:  i    i  la rinae 

l::  27 

-07.   18.9 

+  1.10 

-0.25 

9  13     0 

-05  42.0 

11 

12 

I'll 

3349 

.-,.1  in  H 

I; \Y  ( larinae 

IS  12 

-68  L'o 

+0.89 

-0.25 

17  50 

-68   14 

- 

_ 

3418a 

T  \ntliae 

29  4:; 

-36   lo.l 

+  2.48 

-0.26 

28  41 

-36     3.8 

8.9 

9.10 

ph 

3482 

l;i;  li 

In  '.'1 

-  2:;  :;:;..-, 

+  2.74 

-0.27 

39  If. 

-23  20.7 

8.9 

<12 

l'l' 

3519 

Y  Hydrae 

16  27 

-22  33.0 

+  2.77 

-0.28 

1  1    22 

-22   20.1 

8 

10 

l'l' 

3548 

6.1901 

X  Velorum 

7,1    L'l 

II      o.s 

+  2.45 

-0.28 

50    10 

-40  5;  1.7 

- 

_ 

3573 

RV<  larinae 

55  33 

-03  25.0 

+  1.00 

-0.20 

7,1    7,1 

-03    17.0 

9.10 

<11 

l'l' 

3649 

1     1   i  -.  maj. 

10     s  14 

+  60  28.9 

+  4.10 

-0.29 

10     5     5 

+  00  42.1 

7 

8 

l'l' 

3669 

\Y  \  elorum 

II   31 

-53  58.9 

+  2.23 

-0.30 

10  35 

-53  7,1.7, 

0 

<11 

V 

3785 

7.1 'Jill 

D  Antliae 

30   17 

39     2.7 

I  2  66 

-0.31 

29   lo 

-38  55.0 

- 

_ 

_ 

3799 

8.1901 

l;X  Carinae 

:;:;  12 

61    is 

+  2. 1 5 

-0.31 

32  is 

-61   40 

10 

<12 

l'l' 

3845 

RT  <  larinae 

10   7,1 

-58  7,:;.7. 

+  l'.:;l' 

0.31 

39  r,i\ 

-58  45.7 

'.1  III 

10.11 

ph 

3879 

RS  11' 

10  46  33 

-28     6.1 

+  2.85 

0.32 

10  45  22 

-27  58.2 

8.9 

<U 

V 
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Chart-place 

Number 
Ch. 

Provis. 

Notation 

A.N. 

Name 

Position  i 
R.A. 

or  1900.0 
Decl. 

Prec. 

i;.a. 

1900 
Decl. 

north  of  — -2:!°  :  eq.  1 855 
south  of  —23°  :  eq.  1875 

Magnitude 
Max.    Min. 

R.A. 

Decl. 

3978 

9.1901 

RW  ( 'entauri 

11     2  56 

-54°  :;4.s 

+  2>.l 

-0.32 

llh  Im5l" 

-54  26.8 

_ 

_ 

_ 

4057 

KS  ( Jentauri 

16     6 

-ill  19.6 

+  2.01 

-o.:;:; 

15      1 

-01  11.3 

9 

<12 

V 

4216 

Z  Hydrae 

42  37 

-32  42.8 

+3.00 

-0.33 

41  22 

-32  34.5 

8.9 

9.10 

V 

4318 

RX  Virginis 

59  38 

-   5  12.7 

+  3.07 

-0.33 

57   20 

-  4  57.7 

7 

9 

ph 

4333 

RW  Virginis 

12     2     6 

-  6  12.2 

+  3.07 

-0.33 

59  48 

-    5  57.2 

7 

8 

ph 

434.-) 

K 1 '  ( Jentauri 

4    12 

-14  52.1 

+3.10 

-0.33 

12      2   55 

-44  43.7 

9 

10 

ph 

1471 

T  Canum  Venat. 

25  15 

+32     3.4 

+  2.98 

-0.33 

23     1 

+32  18.3 

8.9 

12 

V 

4481 

U  Crucis 

26  50 

-57     1.7 

+  3.31 

-0.33 

25  27 

—  50  53.4 

10 

<13 

ph 

4573 

EU  Virginis 

42  13 

+   4  41.5 

+  3.05 

-0.33 

39  56 

+   4  56.3 

8 

12 

V 

1665 

RT  Virginis 

57  33 

+   5  43.4 

+  3.04 

-0.32 

55  17 

+   5  58.0 

S.9 

10 

ph 

4696 

7.1900 

RV  Virginis 

13     2  40 

-12  37.8 

+  3.15 

-0.32 

13     0  18 

-12  23.3 

10 

<14 

ph 

4754 

25.1900 

0  i  ictantis 

12  20 

-S3  42.0 

+  6.83 

-0.32 

9  32 

-83  34.1 

7.8 

10 

V 

48C7 

RV  Centauri 

31     8 

-55  57.9 

+  3.84 

-0.31 

29  32 

-55  50.2 

9 

<13 

ph 

4898 

10.1901 

RY  Virginis 

36  19 

-18  37.7 

+  3.20 

-0.31 

33  53 

-IS  24.0 

_ 

- 

4935 

RT  Centauri 

42  30 

-36  21.8 

+  3.50 

-0.30 

41     2 

-36  14.2 

8 

<12 

V 

5013 

0  Apodis 

55  35 

-76  18.8 

+  5.69 

-0.21) 

53  13 

-76  11.5 

5.6 

6.7 

V 

5050 

Z  Bootis 

14     1  40 

+  13  58.5 

+  2.90 

-0.29 

59  29 

+  14  11.5 

10 

13 

ph 

5(175 

RU  Hydrae 

5    IS 

-28  24.8 

+3.45 

-0.21) 

14     4  22 

-28  17.6 

8 

12 

V 

5099 

RR  Centauri 

9  55 

-57  23.3 

+  4.19 

-0.28 

S    10 

-57  16.2 

7.8 

8 

V 

5221 

RV  Librae 

30   1  1 

-17  35.9 

+  3.33 

-0.27 

27  45 

-17  23.9 

8     9.10 

pit 

5355 

11.1901 

V  Lupi 

52  33 

-53     0.4 
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lIn  accordance  with  Gill's  suggestion  (A.J.  442),  the  name  correctly  assigned  by  G-OULD  is  retained. 
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Y  Cassiopeae 

23  58  10 

+55    7.:; 

+3.06 

+  0.33 

23  55  53 

+  54 

9.10  <13 

ph 

New  Stars. 

1226 

3.1901 

Nova  Persei 

3  24  24 

+43  33.7 

+  4.06 

+  0.21 

3  21  22 

+  43 

24.2 

1    I     - 

V 

OS  17 

Nova  Sagittarii 

18  56  13 

-13  18.4 

+  3.38 

+  0.0S 

is  5:;  41 

-13 

22.0 

4.5  1     - 

V 

6932 

11.1901 

Nova  Aquilae 

19  15  16 

-  0  19.2 

+  3.08 

+  0.11 

19  12  57 

-  0 

24.1 

7    1     - 

ph 

COMPARISON  OF  METHODS  FOR  THE  REDUCTION  OF  STAR-PHOTOGRAPHS, 

By  HAROLD   JACOBY. 


The  appearance  in. -i. .7.512  of  Dr.  Schlesinger's  reply 
to  Mr.  Hinks's  article  in  A.J.  475  has  led  me  to  communi- 
cate certain  calculations  that  seem  to  throw  additional 
light  on  the  question  at  issue.  Mr.  Hixks  has  certainly 
taken  a  step  in  the  right  direction  in  applying  Turner's 
method  to  a  set  of  plates  that  had  already  been  reduced  by 
another  method.  Surely,  when  we  have  to  decide  between 
two  methods  of  reducing  astronomical  observations,  the 
best  thing  to  do  is  to  use  both  methods  on  the  same  ex- 
ample. But  this  proceeding  will  be  much  more  instructive, 
if  we  can  take  as  the  example  a  set  of  observations  that 
have  already  been  reduced  completely  by  a  third  method 
quite  different  from  either  of  the  other  two. 

\\  c  can  apply  this  desirable  test  to  my  method  and  to 
Turner's  by  reducing  the  plate  discussed  by  MM.  Henry 
in  Hull.  Cmii.  Perm.,  Tome  II,  fasc.  2.  This  will  furnish 
the  desired  solution  of  one  and  the  same  problem  by  three 
different  independent  methods;  whereas  in  Mr.  Hinks's 
paper  the  problem  discussed  is  perhaps  not  strictly  identi- 
cal with  that  treated  by  Dr.  Schlesixoek.  For  Mr.  Hixks 
has  made  a  direct  inter-comparison  of  the  plates  them- 
selves, whereas  Dr.  Schlesinger  sought  in  the  first  place 
a  comparison  of  the  photographic  results  with  meridian 
observations.  In  discussing  AIM.  Henry's  plate  here  I 
shall  therefore  endeavor  to  solve,  both  by  Turner's  method 
and  my  own,  exactly  the  same  problem. 

The  plate  in  question  was  made  at  Paris  (latitude  IS    5(1') 


1891  Dec.  2,  at  an  hour-angle  of   —0"  9'".     The  posit  inn  oJ 
the  center  was 


Right-ascension,  lh  4" 


Declination.  +  243 


Eleven  stars  were  used;  their  positions  from  meridian 
observations  and  their  measured  rectangular  coordinates 
(reduced  to  seconds  of  arc  with  an  approximate  scale-value) 
are  given  in  the  following  Table  I. 


Ta  ble 

[.     Data  op 

the  Plate. 

From  Meridian  Observations 

From  the  Plate 

Kight-Ascen. 

Declination 

Mc.is'd  A' 

Meas'd  Y 

1 

0  59  31.38 

21    25   18.2 

-3665.36 

+1517J55 

2 

o  59  59.:;: 

23  56  51.1 

-3295.56 

-   191.70 

3 

1      1      1 .05 

L'l   22     9.7 

-24  1:;.  12 

+  1320.37 

4 

1     1   41.71 

24    is  22.6 

-1888.50 

+  loo:;. 05 

5 

1      2     4.01 

-i  26  21.5 

-1572.00 

+  1500. oo 

6 

1     3  52.92 

2::  55  30.1 

-      05. 1  1 

—   2S3.20 

7 

1      1   ll.se, 

2:;  15  42.1 

+  208.92 

-2071.se, 

8 

1     4  10.12 

2.';  5;»    5.7 

+  222.84 

-     68.32 

9 

1     6  57.0 ; 

21     o     2.9 

+2427.42 

-       5.10 

10 

1     7  55.00 

24  55   19.6 

+  3199.59 

+  3347.08 

11 

1     8     7.14 

24  28  32.3 

+  3:;7<;.7<; 

+  1710.60 

\\  ith  the  data  of  Table  I,  plate-constants  were   deter- 

mi 1  K\  leasl  squares  both  by  Turner's  method  and  mine. 

The  eleven  stars  were  then  treated   as  unknown  stats,  and 
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u  J  declinal  ions  computed  from  the 
graphic  measures  with  the    plate-constants  th 
termined.      These  right-ascensions  and  declinations  Prom 


the  photographs  are  therefore  directly  comparable  with 
each  other,  and  with  those  published  by  .MM.  Henry. 
Such  a  comparison  is  set  down  in  Table  II. 


TABLI      II.         CoMPARISOK    OF    Kim  <    dOU     Bl      MM.    Ilr\i;\     WITH     REDUCTIONS    r.\     METHODS    OF    TuRNEB    AND    JaCOBT. 


Right  Ascension 

Declination 

- 

Computed  from  photographic  measures 

Computed  from  photographic  measures 

Henry 

Jacobj 

1   ill  n.'l 

ii.  .i. 

H.-T. 

II. mux 

Jacob; 

Turin  I 

H.-J. 

II    T. 

1 

1  1  52  51.66 

51.67 

51.69 

0.01 

0.03 

24   25   1  7.(10 

L7.65 

17.71' 

+  0.01 

0.06 

2 

1  l   59  50.84 

50.85 

50.88 

-  .01 

-  .04 

23  56  51.30 

51.30 

51.31 

.00 

-   .01 

."> 

L5  15  1  1.97 

1  1.97 

15.01 

.00 

-  .04 

24  22     s.os 

8.69 

8.73 

-  .01 

-   .05 

1 

i:.  I'-  24.84 

24.85 

24.86 

-  .01 

-   .02 

24    is  23.91 

23.90 

23.94 

+    .01 

.03 

5 

15  31     9.36 

9.37 

9.37 

-  .(11 

-   .01 

24   26  21.17 

21.16 

21 .22 

+    .01 

-   .05 

6 

1.-.  58   13.00 

L3.01 

L3.03 

-  .(11 

-   .03 

23  55  31.01 

31.01 

30.99 

.00 

+   .02 

7 

ir,     3.44.16 

1  1.1  1 

1  1.20 

+   .02 

-   .0-1 

23   L5    1-1.90 

41.90 

11. si 

.00 

+   .09 

8 

L6      1      L.05 

1.05 

1.05 

.00 

.00 

23  59     5.86 

5.85 

5.83 

+   .01 

+  .03 

9 

16  H    1  1.60 

1  1  58 

1  t.56 

+     .01' 

+    .04 

24     0     2.38 

2.37 

2.34 

+   .01 

+   .04 

to 

L6  58    15.81 

15.80 

15.72 

+   .01 

+   .09 

24  55    10.70 

19.78 

19.82 

+   .01 

-   .03 

11 

17     1    17.70 

17.68 

17.63 

+  0.02 

+  0.07 

24  28  32.1  1 

32  L3 

32.13 

+  0.01 

+  0.01 

It'  these  three   methods  are  all  correct  mathematically, 
and  differ  only  in  convenience  of  application,  thej  should 
all  produce  the  same  results,  just  as  a  transit  observation 
the  same  ri  on    bj    M  \  \.  er's    or    Bessi  l's 

transit-formulas.       Since    identical    meridian    places   and 
been  used  in  all  three  methods, 
it  becomes   merely  a  question  of  correct  mathematics  and 
ic  to  bring  out  similarly  identical  photo- 
graphic right-ascensions  and  declinations. 

The  columns  II.  J.  and  II.  T.  oi  Table  II  show  that 
IIini:\.'~  method  and  mine  agree  very  much  better  than 
Henry's  method  and  Ti  rner's.  (indeed,  the  discordances 
between  Henry's  results  and  mine  are  no  larger  than 
■  rly  be  ascribed  to  dropping  decimals  at  various 
points  in  these  rather  i iplicated  calculations;  and  Pros- 
per Henry  has  himself  stated-*  that  my  method  agrees 
y  with  his  in  its  results.  So  we  are  irresistibly 
driven  to  the  conclusion  that  Henry's  method  and  mine 
are  both  mat  lj  correct,  or  very  marly  so;  for 
though  this  conclusion  is  nol  strictly  Logical,  because 
Henry's  method  and  mine  might  agree  exactly,  and  still 

a  conclusion   possessing 
probability  of  a  very  high  order. 

I    >  cause  of  tl i •  Id  rner's  method 

and  mine  is  not  at  all  mysterious;  it  becomes  apparent  at 
once  if  we  compare  formulas.     In   both    methods  the  first 
itation  from  the  meridian  places  of  rec- 
tangular coordinates,  such  as  they  would   be  on  a  perfectly 
ite.     These  ci  CuBNERcall 

nates":   his  formulas  for  computing  them  give  iden- 
tical results  with  mine,  and  differ  only  ii  appli- 
The  next  step  in  my  method  is  the  computation 

;  LSI  line. 


of  refraction-coefficients      I/.   A',   .1/, .  iVj,,     by  formulas 

in  A.J.  3S7.     Now  let 

X,  Y,  be  the  measured  coordinates, 

x,  y.  be  the  computed  or  "standard"  coordinates, 

and  put 

X1  =  X+  J1SX+  X,  cos  8  Y  ,  Y'=  Y+  Ms  sec  S  X+  Xs  Y 
so  that  X1  and  Y'  are  the  measured  coordinates  corrected 
for  refraction.  Turner  now  finds  his  six  plate-constants 
a,  b,  c,  d,  >./:  and  I  find  my  four  plate-constants  p,r,k,o', 
from  the  equal  ions 

Ti  i:\EK    (1)  .1  \<  obi     (•_') 

aX+bY+c+(X—x)  =0  pX+rF+k  +  (X'—x)  =0 

dX+e  )'+./+(  )'-;/)  =  0  -rX+pY+c'  +  (Y'->,)  =  0 

Now  if  both  methods  are  correct,  so  that  the  two  pairs 
.it  equations  can  en-exist,  it  is  (dear  that  we  must  have 

d  =  —  r+My  sec  8 

e  —      p  +  X„ 
/  =       ''' 


a  =p+Mx 

b  =  r+N,  cos  8 
c  =  k 


From  these  equations  "we  derive  the  following  relations 
l.etu  ecu  TURK  ER'S  constants  : 


a—e  =  Mx  —  X„ 

/,  +  ,/  =  .l/„sec8+  X  eos  8 


(3) 


The  right-hand  members  of  these  equations  are  functions 
of  the  refraction-constant,  bhe  latitude,  and  the  hour-angle 
and  declinatiori  of  bhe  plate  center.  All  these  are  known 
with  sufficienj  precision  to  compute  the  small  differential 
refraction  coefficients  Mx,  etc.,  practically  tree  Erom  error; 
niliat  we  uia\  regard  a—e  and  b+d  as  given  quantities 
in  our  problem.  The  numerical  values  of  ".  b,  d  and  e, 
resulting  from  the  least-squares  solution  by  Turner's 
method,  oughl    to  satisfy   exactly   the  relations  (3) ;   but 
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owing  to  errors  of  observation  they  will  not  in  general  do 
this.  In  the  present  case  the  numerical  amounts  by  which 
Turner's  constants  fail  to  satisfy  the  relations  (3)  are 

For  a— e  ,  .000039     ;     For  b+d  ,  .000077 

These  numbers  are  small,  as,  indeed,  are  the  differences 
in  Table  II  between  Turner's  results  and  mine  ;  and  it  is 
easy  to  explain  why  they  are  not  larger.  If  the  errors  of 
observation  in  the  photographic  measures  were  absolutely 
ni!,  the  least-squares  solutions  would  produce  values  of  the 
plate-constants  giving  identical  residuals  from  equations 
(1)  and  (2).  These  values  would  then  satisfy  equations  (3) 
exactly,  and  Turner's  method  would  give  final  results 
agreeing  exactly  with  mine.  It  follows  that  the  high  accu- 
racy with  which  the  plate  measures  have  been  made  at 
Paris  is  favorable  to  making  Turner's  discordances  small 
in  the  present  instance.  I  shall  return  to  this  point 
further  on. 

It  may  be  urged  that  the  relations  (3)  need  not  be  satis- 
fied exactly  by  Turner's  constants,  because  my  refraction 
formulas  may  be  incorrect.  But  if  this  lie  the  case,  there 
must  exist  some  other  values  for  Mx,  etc.,  which  are  cor- 
rect; and  it  is  certain  that  if  any  relations  exist  similar  to 
(3),  having  right-hand  members  containing  known  quantities 
only,  there  is  a  theoretical  objection  to  Turner's  results. 
A  legitimate  application  of  the  method  of  least-squares  to 
Turner's  observation-equations  requires  that  the  unknowns 
",  //.  <•.  '/.  '.  /,  shall  be  independent  variables.  Any  rela- 
tion of  the  form  (3)  involving  a  mutual  inter-dependence 
of  these  unknowns  is  forbidden  by  theory.*  If  such  a 
relation  exists,  a  solution  by  the  method  of  correlates  is  in 
order;  and  such  a  solution  should  give  results  rigidly  ac- 
cordant with  mine. 

Nor  is  it  sufficient  to  defend  Turner's  method  on  the 
ground  that  it  leads  to  errors  small  enough  to  be  negligible. 
As  we  have  seen,  these  errors  will  always  be  of  the  same 
order  of  magnitude  as  the  errors  of  the  photographic  obser- 
vations themselves ;  and  it  is  an  impregnable  principle  of 
astronomy  that  methods  of  reduction  should  never  intro- 
duce errors  of  the  same  order  as  the  errors  of  observation. 
Moreover,  the  amount  of  labor  involved  in  Turner's  least- 
squares  solution  with  six  unknowns  is  considerably  more 
than  the  corresponding  labor  in  my  solution  with  but  four 
unknowns,  especially  when  we  consider  the  peculiar  nature 
of  my  coefficients,  which  permit  an  appreciable  abbrevi- 
ation of  the  least-squares  computations. t  This  fully  bal- 
ances the  labor  of  applying  special  refraction-corrections ; 
so  that  Turner's  method  cannot  even  be  recommended  as 
a  quick  way  of  getting  approximate  results.  Correct  re- 
sults can  be  computed  quite  as  quickly. 

*  Chauyknkts  Astronomy,  Vol.  2,  p.  511,  line  13. 
t  Conlrih.  Col.  Univ.  Obs'y,  10,  v.  106. 

Columbia  University,  New  )'<</•/,-.  1901  December. 


Turner's  method  may  be  compared  to  an  adjustment  of 
the  measured  angles  in  a  geodetic  triangulation  in  which 
no  attention  is  given  to  the  rigid  condition  that  in  every 
adjusted  triangle  the  three  angles  must  sum  up  to  180° 
plus  the  spherical  excess.  In  such  a  case,  if  the  errors  of 
observation  were  absolutely  nil,  the  adjusted  angles  would 
sum  up  correctly ;  but  if  not,  the  adjustment  would  always 
introduce  fresh  errors  of  the  same  order  of  magnitude  as 
the  errors  of  observation.  Just  so  Turner's  method  would 
give  correct  results,  in  strict  accord  with  rny  method,  if 
the  errors  of  observation  were  nil.  But  so  long  as  this  is 
not  possible,  his  adjustment  must  introduce  "fresh  errors  of 
the  same  order  of  magnitude  as  the  errors  of  observation. 

So  far  I  have  treated  Ti  i.mk's  method  from  the  point 
of  view  of  results  :  it  must  now  be  considered  as  to  weights 
and  probable  errors.  Mr.  Hinks  prefers  his  reduction  to 
Schlesinger's  because  of  a  better  agreement  in  the  inter- 
comparison  of  the  plates.  Schlesinger  ascribes  this  to 
the  fact  that  in  the  Hinks  reduction  a  larger  number  of 
stars  were  used  for  the  determination  of  the  plate-constants. 
This  has  doubtless  contributed  to  the  closer  agreement  ob- 
tained by  Hinks;  but  in  the  light  of  my  theorem  given  in 
the  following  article,  a  smaller  value  of  [re]  was  certainly 
to  be  expected  from  the  Hinks  reduction,  and  this  would 
mean  a  better  agreement.  Turner's  method  corresponds 
exactly  to  mine,  except  that  it  introduces  two  new  un- 
knowns ;  for  disregarding  relations  of  the  form  (3)  is 
equivalent  to  allowing  the  photograph  to  have  separate 
cale  \alue  and  orientation  constants  for  the  two  co-ordi- 
nates ;  that  is  to  say,  separate  constants  that  differ  by 
amounts  other  than  can  be  caused  by  refraction. 

In  the  reduction  of  the  Henry  plate  given  in  the  present 
paper,  the  sum  of  the  squared  residuals  came  out. 

From  Turner's  method  10.2348 

From  my  method  10.2874 

The  difference  in  favor  of  Turner's  method  is  due  sim- 
ply to  the  operation  of  my  theorem  of  the  preceding  article  ; 
which  brings  out  clearly  the  inadvisability  of  basing  a 
decision  between  two  methods  of  reduction  on  the  size  of 
residuals  alone. 

My  conclusions  reached  in  the  present  paper  may  be 
finally  stated  as  follows:  Turner's  reduction  of  photo- 
graphs with  six  plate-constants  leads  to  results  that  are 
erroneous,  apart  from  any  considerations  of  convenience. 
Such  a  reduction  must,  therefore,  not  be  used;  but  refrac- 
tion corrections  must  be  applied,  and  a  four-constant  solu- 
fciorj  made.  After  that  has  been  done,  it  becomes  merely  a 
question  of  convenience  or  personal  opinion  whether  results 
shall  be  retained  in  terms  of  the  measured  coordinates,  or 
transformed  into  right-ascensions  and  declinations. 
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A  THEOREM  CONCERNING  THE  METHOD  OF  LEAST-SQUARES, 

li\    HAROLD  JACOB! 


Let.  i  \  in  t  wo  series  of  obsi  c 

as  follows  : 

'/,.;       ■  !+"...+    H[    =   0 

r  A.,y  +  c„~  +  ..  .  +  «,.=  0 


nvr  4-  /<,//  +  CjZ  +  .  .  .  +  /',»"  +...  +  »(,=  0 
'    ",./•  +  /,.,;,  ■+■  -•._.;  +  .  .  .  +  /,.jr  +  .  .  .  +  tta  =  0 


[uations  being  identical  in  the  two  series  except  for 
tin1  addition  of  one  or  more  new  unknowns  w in  (2). 

Lch  of  these  series  of  equations  lie  solved  by  the 
method  of  least-squares,  and  let 

['•!•],.  be  the  sufn  of  the  squares  of  the  residuals  resulting 
from  the  solution  of  equations  1 1 1. 

[/'/•]..  be  the  sum  of   the  squares  of  the  residuals  resulting 

from  the  solution  of  equations  (2) ; 
then,  no  matter  what    may  be  the  law  of  the  coefficients 

pltp and  even  it  these  coefficients  arc  assigned  at 

random,  [«w],  is  always  larger  than  [«■]». 

1  >EMI  INS  1  u  \  i  im\  .  Let 

S, ,  represent  the  series  of  values  found  for  x,  y,  :.  ...  in 
the  least-squares  solution  of  (1). 

t  the  series  of  values   found  for  x,y,z,...m 

the  solution  of   (2). 

of    \  allies  found  for  w,  ....    in  the 
solution  of  (2). 

The  values  St  and  .SV  will  make  [<•<■].,  smaller  than  would 

other  series  of  values  in  (2),  since 

they  make  [«v]j  a  minimum.     One  other  possible  series  of 

would    be  -s',  instead  of    SS)  and  zeros  instead    of    Ss'. 

iversiti     Veti    I  oi  I .   L901    Di  cembi  r. 


Bui   this  possible  Series  of  values  would   make  every  residual 

iii  (2)  exactly  equal  to  the  corresponding  residual   in  (1), 
and  therefore  the  sum  of  the  squares  of  the  residuals  equal 

to  ['•'•],  ■       But  as  we  have  just  seen,  this  squared  residual- 
sum  would  be  larger  than  [/•<■]._,.     Therefore, 

Mi  >  Mi  '.'■'••-"• 

Conclusion'.-  The  method  of  least-squares  is  used 
ordinarily  to  adjust  series  of  observation-equations  so  as 
to  obtain  the  most  probable  values  of  the  unknowns.  But 
there  is  a  subtler  and  perhaps  more  important  use  of  the 
method  ;  when  it  is  employed  to  decide  which  of  two  hypo- 
thetical theories  has  the  greater  probability  of  really  being 
a  law  of  Nature ;  or  to  decide  between  two  methods  of 
reducing  observations.  Cases  abound  in  astronomy  where 
the  method  of  least-squares  is  used  for  this  purpose.  It 
has  been  so  employed,  for  instance,  to  decide  whether 
stellar  parallax  observations  should  be  reduced  with  equa- 
tions involving  terms  depending  on  atmospheric  dispersion, 
and  terms  depending  on  the  hour-angle,  to  ascertain  whether 
portable  transit,  observations  should  be  reduced  on  the  sup- 
position of  a  change  of  azimuth  on  reversal  of  the  instru- 
ment, etc. 

In  such  cases,  astronomers  not  infrequently  give  prefer- 
ence to  the  solution  which  brings  out  the  smallest  value  of 
[re],  the  sum  of  the  squared  residuals.  But  in  the  light 
of  the  above  theorem,  it  becomes  clear  that  the  mere  dimi- 
nution of  [n^  alone  is  insufficient  to  decide  between  two 
solutions,  when  one  involves  more  unknowns  than  the 
other.  To  give  preference  to  the  second  solution  it  is 
necessary  that  the  diminution  of  [rr]  be  quite  large,  and 
that  the  additional  unknowns  possess  a  decided  a  priori 
probability  of  having  a  real  existence. 


NOTICE. 
|.i   the  convenience   oi    astronomers   engaged    upon    the  observation  of    variable  stars,  and  of   others  who  may 
be    in  ite    reprints   of   the    list    prepared    bj    the   <'oinniitt.ee   of   the    Astronomische    Gesellschaft,   and 

printed    in    this   number,    will    be   sent   on    application    to   nn\    desired    address. 
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THE     EFFECT     OF     METEOKIC     DEPOSITS     <>\     THE     LENGTH     OF     THE 

TERRESTRIAL     DAY. 

By  C.  JOHNSTONE   STONEY,   M.A.,   D.Sc,   F.R.S. 


In  No.  502  lit'  the  Astronomical  Journal,  published  on 
the  23d  of  last  July,  there  is  a  remarkable  paper  by  Pro- 
fessor  K.  S.  Woodward,  in  which,  alter  a  much  needed 
criticism,  correction  and  extension  of  the  investigations  by 
Laplace  and  his  successors  into  the  amount  by  which  the 
sidereal  day  has  been  shortened  by  the  secular  cooling  of 
the  earth.  Professor  Woodwakd  deals  in  the  last  section 
of  his  paper  with  the  analogous  problem  of  the  effect  of 
meteoric  deposits  upon  the  length  of  the  day.  so  far  as  the 
effect  is  due  to  an  alteration  of  the  moment  of  inertia  of 
the  earth.* 

The  earth's  moment  of  inertia  is  affected  in  two  ways  by 
the  gradual  accumulation  of  meteorites  and  meteoric  dust 
over  its  surface.  It  is  increased  by  an  amount  equal  to 
the  moment  of  inertia  of  the  shell  of  added  matter:  and  it 
is  decreased  in  consequence  of  the  rest  of  the  earth  being 
compressed  by  the  weight  of  this  load.  As  this  second 
factor  is  not  referred  to  by  Professor  Woodward  the 
present  note  is  written  to  call  attention  to  it.  since  it  has 
the  effect  of  reducing  the  change  of  the  earth's  moment  of 
inertia  to  a  small  fraction  of  the  already  small  amount  that 
is  obtained  when  it  is  left  out  of  account. 

Meteors  that  impinge  upon  the  earth  may  conceivably  affect  the 
earth's  rotation  in  three  ways: 

1.  By  having  had  a  preponderance  of  moment  of  momentum  in 
one  direction  or  the  other  round  the  earth's  axis,  when  they  reached 
1 1 arth's  ai sphere; 

2.  By  parts  of  some  of  those  which  have  entered  the  earth's 
atmosphere  nearly  tangentially  escaping  outwards  with  a  preponder- 
ance of   men icni  of  momentum- in  one  direction  or  the  othei  ; 

:;.     Bj   becoming  pan  oi  the  earth  and  changing  its  moment  of 

inertia. 

[f  anj  such  excess  of  moment  of  momentum  as  is  contemplated 
in  case  (1)  lias  existed,  it  is  to  be  transferred  to  the  earth: 

^n  excess  such  as  that  contemplated  in  case  (2)  is  to  be  compen 
sated  for  by  applying  an  equal  and  opposite  moment  of  momentum 
In  I  he  earth  : 

i  asi   (3)  i^  dealt  with  in  the  i  resent  communication. 


We  may  proceed  upon  the  assumption  made  by  Professor 
Woodward  that  the  meteoric  deposit  is  spread  uniformly 
over  the  earth.  In  this  case  the  increment  of  /,  the  earth's 
moment  of  inertia,  includes  two  terms. 

&l=dj-dj  (i) 

where  <>XI  is  the  moment  of  inertia  of  a  uniform  spheri- 
cal shell  of  meteoric  deposit  consisting  of  meteorites  and 
meteoric  dust,  and  t)„I  is  the  decrement  of  the  moment  of 
inertia  of  the  rest  of  the  earth,  due  to  its  being  compressed. 
The  moment  of  inertia  of  a  thin  spherical  shell  of  thick- 
ness 6.  density  p.  and  of  which  the  radius  is  n.  u<  being 
here  the  radius  of  the  earth)  can  be  directly  computed, 
and  is 

,>J  =   |w  ,t*$p  (2) 

Again,  the  moment  of  inertia  of  the  earth  is  known  to  be 
nearly  enough  for  the  present  investigation, 

/=   >   Ma-  (3) 

where  1/  is  the  earth's  mass.  This  equation  though  only 
approximate  holds  good  both  before  and  after  the  compres- 
sion, inasmuch  as  when  the  earth  is  compressed  all  depths 
seem  to  be  nearly  equally  affected.  This  is  evidenced  by  the 
laet  that  the  mean  compressibility  of  the  earth  as  a  whole, 
as  indicated  by  geology,  is  found  i"  he  not  far  from  the 
known  compressibility  ol    its    superficial    strata.!      It    is  ac 

i lingly  legitimate  to  differentiate  equation  (3),  and  we 

i  hus  gel  approximately 

S2J=  %  Mala  i  I  i 

where  8«  is  the  compression.  Now  8«/«  (which  is  the 
earth's  compressibility  when  loaded  uniformly  over  its 
whole  surface)  is  directly  proportional  to  the  load  per  unit 
of  surface.     Thai 

\  See  the  papers  referred  to  in  the  last  paragraph  of  the 
paper. 

(85) 
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where  g  is  gra\  itj  .  and  K  the  coefficient  of  compressibility . 
Lei  i>  be  thai  density  of  deposit  which,  if  spread  uni- 
formly whole  earth,  would  depress  the  former 
.ml  1  >>  an  am. Mint  equal  to  the  thickness 
of  the  layer  of  i  I  upon  it,  then  we  find,  as  a 
particular  case  of  eq 

" 

u 

Eliminating  K  between  (5)  and  (6)  we  gel 

&<t  a 

P' 

Again  .1/.  the  mass  of  the  earth, 
=  t>  - 
where  pB  is  the  mean  density  ol  the  earth.     I'>\  these  equa- 
tions equal  1)1 ones 

Po 


,>J  =    -   rr  u*6p 


Filially,  putting  the  values  (2)  and  (9)  into  equation  (1) 
i  tain 
(10)  8/  =  |  irU*6p(\       .'' 

If  we  write  1  instead  of  (l  —  P-, )  into  tins  value  ol  87, 
it  becomes  the  value  a  87  by  Professor  Wood- 

w  AKD. 

It  is  known  thai  p0,  the  in. -an  density  of  the  earth,  is 
slightly  more  than  :>\  t  mes  the  densitj  oi  water,  and  p' 
seems,  from  the  geological  evidence,  to  be  somewhat  'ess 

than  twice  the  density  of  water.       Hence  M  —  .,-"-)  ,s  a 

small  fraction.     We  must,  accordingly,  substitute  for  Pro- 
\\ ward's  estimate  oi  the  effecl  on  the  length  oi 

.  one  thai   1-  a  small   fraction  of  that  value;    instead 

of  the  da\  being  leugthened  by  1  of  a  second  in  a  million 
million  years,  the  change  in  thai  time  due  to  the  effect  of 
the  meteoric  deposit  upon  the  earth's  moment  of  inertia,  is 
represented  i>\  something  like  .,',,  or  ,  ,',,, 
ol  a  second:  and  moreover  the  geological  evidence  thai  is 
available  seems  to  leave  it  doubtful  whether  this  exces 
sively  minute  is  positive  or  negative. 

Thus  the  effecl  on  the  1    day  1 ghl 

about  upon  the  earth  b  of  its  moment  of 

inertia,  is  very  small.  And  this  is  the  whole  effect  produced 
1  1  he  earth,  H.  as  is  probable, 
on  the  average  strike  equally  all  parts  of  the  targel 
which  the  earth  presents  to  them;  since  in  this  case  the 
positive  and  negative  momenl 
immediately  before  they  strike  the  earth  balance,  so  thai 


the  matter  reaching  the  earth  has  reached  it  wit! 1 

m.  imenl  of   momentum  of   its  ow  n. 

The  foregoing  anal 3  1  1 1  ms  to  be  a  sufficient  investiga- 
tion of  the  effect  on  the  rotation  of  the  earth  of  the 
meteoric  raatterthal  accumulates  on  i1  surface.  Bui  there 
is    a  small    residuum  of   effecl   produced    by   meteors    in 

another    way.       Some    meteors    that    strike    the    atmosphere 

\.r\  obliquely,  or  rather  the  portions  of  them  that  have 
nol  been  dissipated  during  their  transit,  escape  from  the 
atmosphere  after  having  pursued  a  nearly  horizontal  Might 
through  its  upper  regions.  These  meteor.'  pass  away  from 
the    earth    with    diminished    mass,   in   a   somewhat   altered 

direction    and    usually    with     reduced     relative    S] d.      To 

estimate  the  effect  upon  the  rotation  of  the  earth  of  these 
escaping  meteors,  it  would  he  necessarj  t<>  search  lor  such 
data  as  w.mld  make  known  the  aggregate  moment  of 
momentum  round  the  earth's  axis,  of  these  bodies  when 
on  the  point  of  emerging.  We  have  only  to  apply  an 
equal  and  opposite  compensating  moment  of  momentum  to 
the  earth,  to  find  their  effect  upon  the  earth's  rotation. 
Adequately  to  pursue  this  branch  of  the  subject  would, 
lew  e\  er,  re.  pi  ire  another  paper  quite  as  long  as  the  present 
one.  and  the  resultant  effect  obtained  would  prove  to  be 
excessively  small. 

It  is  of  interest  to  point  out  that  the  earth  seems  to  he 
the  only  one  of  the  planets  for  which  the  two  terms  of 
equation  (1)  are  nearly  equal  to  one  another.  In  passing 
from  one  planet  to  another  p1  varies  inversely  as  a.  7  and  K; 
from  which  and  from  the  known  values  of  a,  g  and  p0 
for  the  several  planets,  it  follows  that  if  K,  the  coefficient 
of  compressibility,  be  either  nearly  the  same  as.  or  less 
than,  that  of  the  earth,  as  is  probably  true  of  Mercury, 
Cr//(/sand  Mars,  then  on  these  planets  ,)J  preponderates 
largely  over  <)„L  and  a  fortiori  on  the  moon  and  the  smaller 
bodies  of  the  solar  system.  To  all  of  these  our  method  of 
investigation  may  legitimately  be  applied,  and  on  all  of 
these  meteors  tend  t..  leu-then  the  period  of  rotation. 

As  to  Jupiter,  Saturn,  Uranus  and  Neptune,  il  is  not 
likely  that  there  is  solid  ground  upon  any  of  these  planets 
t..  arresl  the  subsidence  of  bodies  falling  through  their 
atmospheres.  Unless  there  is  such  a  support,  the  whole 
method  of  investigation  would  require  to  be  altered.  If, 
er,  falling  meteorites  do  reach  solid  ground  under 
their  atmospheres  or  oceans,  then,  even  if  the  coefficients 
of  compressibility  of  these  planets  were  as  small  as  that 
of  the  earth,  ,/,,!  t>\\  them  would  lie  much  larger  than  ,ij 
on  account  of  theil  greal  sizes;  and  tin'  preponderance  of 
,)  I    becomes  larger  if.  as  is    probable,  these  planets    consist 

1,1  more  compressible  materials  than  the  earth.  Hence, 
even  if  any  of  these  great  planets  had  a  solid  Crust,  the 
meteor-  that  reach  it  would  diminish  their  moments  of 
inertia,  which  is  the  reverse  of  the  effect  wjhich  takes  place 
upon  tie-  i'  anel    'hit  are  smaller  1 1 the  earth, 
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It  is  also  of  interest  to  observe  that  inasmuch  as  meteor- 
ites and  meteoric  dust  have  a  density  higher  than  that 
which  the  tacts  of  geology  permit  us  to  assign  to  p',  it 
follows  that  the  accession  of  these  foreign  bodies  to  the 
earth  diminishes  instead  of  increasing  the  size  of  the 
earth,  contrary  to  what  is  sometimes  stated  in  text  books 
on  Astronomy;  in  fact,  if  any  extensive  terrestrial  deposit 
have  the  density  of  meteorites,  its  weight  compresses  the 
earth  beneath  by  an  amount,  greater  than  the  thickness  of 
the  added  matter. 

In  the  treatment  of  the  problem  which  has  be  m  pursued 
in   t  lie  present   paper,   svi  ad   1 1  <  i  el  j    01 

evidence  to  fix  the  amount  of  the  compressibilitj    of  the 
earth.     In  regard  to  this  evidence,  refen 
to1  wo  papers  on  ••  Denudation  and  Deposition  :'  in  the  ninii- 
30  Ledbury  Road,   London  II"..   L901    November. 


bers  of  the  "London,  Edinburgh  and  Dublin  Philosophical 
Magazine"  for  April  and  June.  1899,  pp.  372  and  557.* 


•  Headers  of  the  papers  here  referred  to  are  requested  to  insert  on 
p.  374,  in  the  paragraph  referring  to  Brazil,  the  following  words,  <  iz. : 

—  by  the  great  fluviatilt  deposits  carried  down 

—  before  the  words  "by  the  luxuriant  tropical  vegetation." 

The  cause  of  the  small  elevation  of  China  over  the  level  of  the  sea, 
seems  to  be  substantially  of  the  same  kind  as  in  the  ease  of  Brazil.  In 
both,  presumably,  borings  would  reveal  strata  of  vegetable  mould 
alternating  with  fluviatile  deposits  to  a  great  depth.  \ll  such  strata 
were  once  at  the  surface,  but  have  since  subsided  because  they  rest 
on  the  up-turned  base  of  an  immense  inverted  cone  extending  from 

the  surface  of  the  earth  to  its  centre,  and  therefon   near];    i miles 

long,  which  shortens  with  every  additional  load  placed  upon  it.  The 
underground  water  which  must  permeate  these  strata,  and  perhaps 
others  below  them,  has  also  to  be  taken  into  account.  It  is  fed  bj 
rain  and  oozes  into  the  ocean  as  bard  water,  and  is  therefore  an 
agent  which  causes  a  certain  amount  of  subterraneous  denudation; 
tbus  tending,  so  far  as  this  factor  is  concerned,  to  prod elevation. 


THE   VARIABLE   6458  V  DBA  COJYIS, 

B\    ZACCHEUS    DANIEL. 


The  variability  of  this  star  was  discovered  by  An  debson, 
and  announced  by  him  iu  A.N.  3618.  The  position  and 
definitive  notation  are  given  in  A.J.  514  and  A.N.  3752. 

All  my  observations  of  this  star  were  made  with  the  I" 
inch  Clark  refractor  of  the  Puickiiell  Observatory,  the 
method  of  observing  being  ARGELAND]  r's. 

I  began  to  observe  this  star  on  1900  dune  20,  and  have 
followed  it  continuously  since.  At  the  first  observation, 
the  star  was  at  11*. 1,  but  on  1900  July  23  it  had  risen  to 
9*. 85,  and  the  variability  was  fully  confirmed.  \  ; 
observation,  on  1901  Dec.  .'in,  the  star  was  tit  11". 0,  and 
steadily  rising.  The  reduction  of  the  observations,  thirty- 
nine  in  number,  yields  the  following  results: 

(  Ibsekvi  d   Maxima    ,\m>   M  ixima. 

Max.  1900  July  27,  J.D.  2415228  9*8       Sobs. 

-Miii.  1900  Dec.     1,                 5355  13.9  12    •■ 

Max.  1901  Max     5,  J.D.  2415510  9.3       7  obs. 

Min.    1901  Sept    17.                 5645  1  1.1  10    •• 

All  observations  above  11M.7.  the  middle  point  in  the 
light  range,  are  assigned  to  the  maxima  ;  those  below,  to 
the  minima. 

The  dates  are  all  well  determined,  but  the  time  of  the 
first  maximum  is  in  doubt  by  a  few  days  because  the  obser- 
vations near  maximum  are  not  numerous  enough  to  locate 
the  curve  definitely.  The  magnitude  is  also  somewhat 
ii rtain. 

The  period  from  the  maxima  is  282  days,  from  the  mini- 
ma L".h>  days.  'I'bc  mean  period  from  fourteen  similar 
points  on  the  descending  branch  of  each  maximum  is  283 
days.  Adopting  the  latter  period  as  the  most  probable, 
and  using  the  second  maximum  as  the  basis,  we  obtain  the 
following  pro\  iaiona  I  elements : 

Max.  J.D.  2415227 +  283  E;     M—m  =  155 
Buckru  v.   Lewisburg,  Penn.,   1902  January  4. 


From  these  elements  the   following  ephemeris   is  ct 

pitted  : 

Ephemeris   fob   1902. 
Max.  1902  Feb.    12,  5793 
Min.  June  20,  5921 

Max.  Nov.  23,  6076 


9.3 

14.ll 


The  light-curve  of  this  star  is  fairly  regular.  The  rise 
steady.  Between  11*.5  and  9M.5  it  takes  place  at  the 
rate  of  0M.046  a  day.  The  fall  is  equally  steady  and  rapid. 
The  maxima  are  sharp  and  well  defined.  The  minima  tire 
fairly  well  defined,  but  the  curve  is  almost  twice  as  flat  as 
it  is  at  maximum.  At  the  last  maximum,  the  star  was 
above  11". 7  for  126  days,  or  0.445  of  the  period. 

I  used  fifteen  comparison-stars  from  9*.0  to  14*.0.     The 
following  are  eight  of  tliem  : 


Comparison-Stars  for    V  Dti 


DM. 


d 


Desig. 

1  54  1931 
+55°2003 
f55°2005 


il'f3'sV 


B.D. 

9*0 
9.0 
9.5 


H. 

9M2J 
9.46 


conts. 
D. 

9*05 
9.62 
9.99 
10.57 
10.63 
10.82 
1  L.05 
11.10 


tirades 

43.5 
38.5 
35.2 

30.1 
29.6 
27.9 
25.9 
25.4 


The  situs  a.  />.  c,  and  d  are  the  ones  given  by  Anderson 
in  A.N.  3618. 

The  light-scale  is  composed  of  ninety-five  separate  emu 
parisons.  The  magnitudes  are  based  on  the  photometric 
magnitudes  of  n  and  g  (given  in  column  11.)  found  in 
//.<  '.0.  Annals,  Vol.  24,  and  the  assumed  magnitude  of  14.2 
as  the  limit  of  the  10-inch  telescope  in  fair  seeing.  In 
this  discussion  the  value  of  one  grade  is  0*.l  1  I. 
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OBSERVATIONS   OF    VARIABLE   STARS,  L900-1901 

Bi   P  ui.  s.  v  i:\ih  i  i. 


103.      T  Andromedae. 
observations    of     T    i  from    1901 

Dec.  12,  Luilicate  that  a  maximum  of  8M.3  was 
■  .   on  Nov.  1 1 
\t    ■  earaiice  the  star  was  estimated  as  oi  II "'. 

ami  when  la  creased  to  8"  9 

70S5«.      SI    Cyrjnl 

I   |  etl    SI    C       •'   sixty-three   times    in    1900,   and 

twenty-four  times  in  1901.  From  these  observations  I 
have  deduced  twenty  maxima  and  twenty-five  minima, 
a  mean  light-curve  formed  on  the  elements  of  Li  izi  i 
(A.N.  3570).  The  time  given  in  all  the  dates  in  this  paper 
is  Cambridge  M.T. 


M  IXIMA 

Hi. 

Minim 

i 

\\t. 

1900  Ma.\    20.34 

1 

1901 

April 

25. 1 1 

1 

1.57 

1 

Ma.\ 

1  1.45 

H 

23.72 

1 

30.27 

i 

27.46 

', 

June 

1  1.56 

1 

1.40 

I 

18.40 

i 

17.18 

! 

30.65 

! 

24.44 

'. 

July 

4.38 

i 

28.37 

i 

27.06 

* 

Aug.     1  95 

31.04 

\\ 

16.86 

1 

Aug. 

19.17 

i  ' 

31.97 

4 

Sept. 

19.10 

i 

Sept.  12.32 

I 

26.72 

i 

24.47 

Oct. 

15.71 

i 

Oct.    24.71 

19.99 

l 

1901  June     - 

23  37 

1  ! 

Oct.      6.29 

4 

Nov. 

11.74 

. 

9  89 

i 

1901 

30.86 

i 

21.11 

i 

Oct. 

1.98 

L 

Dec.      6.25 

l 

12.1  1 

!. 

10  15 

•  • 

16.76 

1 

Nov. 

4.73 
19.70 

i 

Dec. 

1.63 

•Y7i'. 
13.23 

l 

! 

i 

An  examination  of  the  residuals  found  by  a  comparison 
times  of  maxima  indicated  no  significant 
correction  to  Li  izi  rs  elements. 

6733.     R  Scuti. 

During  thi  I  <  ■>■'>  R  -s''  "'•  fortj 

times,  from  May  20  to  Nov.  1  1.     An  ill-defined  maximum 
i     shown  on  Maj  30,  followed  ly  a  inucl 
Dorchester,  Mass..  1901  Dee.  21. 


definitely  indicated  minimum  oi   6M.8 Fulj   1.     Another 

sharply-marked  minimum  of  7M.0  occurred  on  July  30,  and 
a  maximum  of  1".9  on  August  22.  A  third  minimum  of 
6  .8  book  place  on  Sept.  26,  and  a  maximum  of  tM.9  on 
October  21.     At   the  lasl  observation,  tin     tar's  lighl  had 

fallen  in  5".4.     A  short  series  of  observati -   from  1  * ►  * >  1 

Oct.  1  to  Nov.  In  shows  a  single  maximum  of  4M.6  aboul 
Oct.  16.  The  minima  in  L900  were  much  more  sharply 
indicated  than  the  maxima. 


7378.     SZ  <  '.'/.'/'"■ 

This  stat-  I  have  observed  sixteen  times  in  1900,  and  nine 
times  in    1901.     Maxima  are  indicated  aboul  1900  Octobei 

It'.,  and  mi   1  IK)  1  October  1  •">..">  and  Nov.  1.      These  seem  con- 
firmatory of  1 1  a  t:  i«  M. 's  period  of  15.2  days. 


7437.     X  Cygni. 

I  have  sixty  observations  of  X  Cygni  from  1900  April 
2-)  to  Nov.  23,  ami  twenty-three  from  1901  Oct.  1  to  Dec. 
16.      These   indicate   eighl    maxima    and    eight    minima,  as 

follows  : 


M  A  X  I  M   \ 

Wt. 

M  1  N  1  M  A 

Wt. 

1900  dune  16.8 

1 

1900  June   10.8 

1 

July     2.8 

1 

I'd. 4 

1 

I'D.  7 

i 

July  10.4 

i 

Aug.     ."S.7 

1 

30.0 

1 

Sept.  23.3 

1 

\    :    '       15.3 

1 

Nov.  12.7 

l 

Sept.  18.5 

1 

1901  Oct.      5.7 

1 

Oct.    21.2 

1 

Dec.    10.3 

i 

L901  Oct.    16.4 

i 

7 1 93.     SS  f  'ygni. 
I   have  twenty  three  observations   of  this  star  in  1900, 
and  eighteen  in   L901.     Among  these  are  observations  "l 
parts  of  five  maxima,  as  follows : 


I  '.ion 


July 

2.435 

7.68 

1901  Oct. 

15.323 

8.32 

4.389 

8.06 

16.313 

8.19 

10.382 

8.30 

18.437 

8.93 

(  let. 

24.367 

10.43 

21.306 

9.47 

No', 

10.333 

8.32 

Dee. 

10.299 

8.36 

L2.319 

8.70 

11.309 

8.35 

1  1.309 

8.82 

12.306 

8.29 

21.315 

10.24 

15.344 

8.86 

23.309 

1 1.02 

16.306 

9.51 

Dec. 

27.312 

9.31 
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VARIATION  OF  LATITUDE   FROM    BESSEL'S  AND  STRIVES  OBSERVATIONS, 

B-s    S.   C.  i  HANDLER. 


The  following  article  presents  the  determination  of  the 
fourteen-months'  term  of  the  latitude-variation  from  obser- 
vations with  the  Kiinigsbevg  and  Dorpat  l.'eichenbach  & 
Ertel  circles. 

1.  Konigsberg,  1820-27.  The  material  used  is  the  polar- 
point  determinations  in  Abth.  X  XVI,  Kb'nigsberger  Beo- 
bachtungen.  These  were  found  by  Bessel  in  two  ways  : 
first,  by  upper  and  lower  culminations  of  Polaris  (also  of 
8  Ursae  minoris  to  some  extent);  secondly,  by  fundamental 
stars  culminating  south  of  the  zenith.  This  second  series, 
which  he.  employed  for  the  calculation  of  the  declinations 
of  the  sun,  was  made  for  the  purpose  of  controlling  the 
doubts  that  had  been  raised  with  regard  to  the  constancy 
of  the  flexure  by  the  places  of  the  pole  on  the  instrument 
astound  by  Polaris  between  1 820  ami  1824.  While  it  is 
by  no  means  entitled  to  the  weight  of  the  Polaris-aeties,  for 
obvious  reasons,  I  have  thought  it  proper  and  interesting 
to  use  both,  as  well  for  the  purpose  of  comparison  as  for 
the  value  of  their  evidence,  which  is  largely  independent 
although  of  unequal  weight. 

If  we  denote  by  p  and  p1  the  place  of  the  pole  on  the 
circle  when  it  is  West  or  East,  respectively,  we  have  the 
instrumental  latitude  by 


<l 


90c  - 


i'-r 


Table  I  gives  the  latitudes  thus  found  by  combining 
Bessel's  values  of  p  and  p',  using  the  mean  of  two  adja- 
cent values  in  one  position  of  the  circle  in  conjunction  with 
the  intervening  value  in  the  other  position;  of  course  ex- 
cluding combinations  where  a  manifest  change  of  adjust- 
ment, either  intentional  or  accidental,  had  occurred.  A 
seven-years'  series  is  taken  because  thus  the  results  for  the 
fourteen-months'  term  would  be  reasonably  free  from  the 
effects  of  the  annual  term  without  any  arbitrary  correction 
for  the  latter,  which  we  should  have  to  introduce  from  ex- 
traneous sources  since  this  series  alone  is  not  competent 
for  an  independent  determination  of  both  terms.  Of  course 
a  fourteen-years"  series  would  have  been  used  had  the 
material  available  allowed  it. 

To  find  the  constants  of  the  fourteen-months'  term  the 
52  values  of  the  latitude,  for  each  scries  independently, 
were  brought  into  order  according  to  their  place  in  that 
period  by  addiug  or  subtracting  multiples  of  129  days  so 
as  to  bring  the  modified  dates  within  the  compass  of  the 
interval  2387199-7.">;h'>.  .Means  were,  then  taken  in  13 
groups  of  4  values  each.  Table  II  gives  these  means  in 
the  2d  and  3d  columns,  and  the  deviations  from  their  means 
in  the  4th  and  5th,  which  represent  the  variations  of  lati- 
tude   due    to    the    14-mos.   term    on    the  assumption   that 


the  annual  term   has   been    eliminated   by  the   method  of 
grouping. 

A  solution  by  least-squares  gives  the  following  constants 
and  their  probable  errors  : 


-0.19]  cos (£-2386946)0.84  ;±0.039and  ±14 
0.094  cos  (£-2386959)  0.84  ;  ±  0.033  and  ±  24 


Polaris 

Fund.  Stars 

the  Julian  dates  being  I  lie  observed  dates  of  minimum  lati- 
tude at  Konigsberg.  The  reduction  to  the  Greenwich 
meridian  is  —24  days. 

The  above  determinations  resl  on  the  assumption  that 
the  uniformity  of  distribution  of  the  observed  data  over 
the  different  times  of  the  year,  for  the  seven  years  as  a 
whole,  is  sufficient  to  secure  a  satisfactory  elimination  of 
the  annual  term.  This  is  approximately  the  case;  still  I 
think  that  we  can  get  an  undoubted  improvement  by  apply- 
ing corrections  for  this  term  derived  from  an  extraneous 
source  without  injuring  the  independent  character  of  the 
results.  From  the  investigation  in  .-1  •/.  189  we  assume 
for  this  term.  — 0".125  C0S(O  — 15°),  whence  the  last  column 
of  Table  I.  Subtracting  from  the  values  of  qp,  and  classi- 
fying as  before,  we  get  the  corrected  values  of  ir  —  m 
in  the  6th  and  7th  columns  of  Table  II.  The  solution 
gives. 

Polaris  -  0.230  cos  (£-2386950)  0?84  ;  ±  <u>:;i  and  ±  ;i' 
Fund,  stars -0.134-cos  (£-2386948)  0.84  ;    ±0.046  and ±24 

The  epochs  are  not  materially  different  from  those-  of  the 
uncorrected  data,  hut  the  semi-amplitude,-  are  decidedly 
larger. 

On  general  grounds  the  result  from  tie  hould 

probably  have  at  least  double  the  weight  of  that  from  the 
southern  stars,  anil  this  is  also  in  accord  with  the  assigned 
probable  errors;  so  that  we  have  finally, 

-0".200  COS  (£-2386949)  0°.84;    ±0".021  and   ±9" 

Referred  to  Greenwich  the  epoch  is  2386923. 

The  coefficients  for  this  series  used  in  ./../.  494,  p.  109, 
were0".171  ami  2386920  (Gr.).     I  am  inclined  to  thini  the 

present  values  are  preferable.  In  the  last  column  of  Table 
II  are  given  the  computed  values  by  this  formula. 

-.  Dorpat,  1S22-26.  The  material  used  is  the  polar- 
point  readings  of  the  circle  given  in  the  Positiones  Mediae, 
Introd.  pp.XIV-XV.  Steuve  has  there  used  them  for  the 
purpose  of  ascertaining  the  possible  effect  of  temperature 
upon  the  place  of  the  pole  on  the  circle.  He  supposed 
that  he  succeeded  in  establishing  such  a  relation,  and  in 
consequence  he  applies  a  correction  to  the  results  of  his 
observations.  But  I  think  it  is  now  demonstrable  that  this 
assumed  relation  is  purely  factitious,  and  that,  the  outctaad- 
esiduals    which     he    endeavored    to    satisfy    by    tin- 
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liypothesis  were  merely  exhibitions  >,t  the  effects  "1  the 
i  with  which   we  an'  now  familiar.      From   the 
mtion   of  hi 


would  naturally  lend  color,  in  the  absence  of  know!,'. 

to  the  n  bo  the  erroneous  supposition  of  an  instru- 

mental  oi     in  oJ  the  de   iatioii 


/  c-  =  54°  4-."+       Annual 

i    -  Term 


."•'.mi  i 
5913 
593  1 
5972 
5990 
6 '• 

(ails 

6028 

6056 
6105 

r,l  is 
621S 
6236 
6259 

6300 
6316 


50.91 

.83 

.99 

.To 

.59 

50.22 

19.94 

50.25 

.21 

.24 

.79 

.02 

.64 

51.28 

."ai.Tii 


.17 
18 

.64 
.30 
.29 

.71 
86 

51.01 
19.8S 
50.73 
50.24 
51.06 
.-.u.  :'ii 


50.58     50.46 


i '.  I '_' 
.11 
.11 
.(il 

.0(1 

Hi' 
.().". 

US 

.1(1 
.11' 
.11 

.(».". 

.OS 

.11 
.11' 
.11 
.1(1 

0.08 


I  ill.        K.OS  IGSBERU. 

/  if  =  54°  42'+        Annual 

|     Pol.        F.St.       Term 


6345 

6424 

6504 

6589 

66i 

6702 

6848 

6994 

7 1  is  I 

7 1 1'.". 

7159 

7i':;  i 
728  I 
7303 

7356 

7. ".'.I  I 
7407 


50.64 

.Ml.  1'n 

19.80 

50.54 

.70 

.11 

..".'.i 

50.31 

I  9.95 

50.06 

.15 

.20 

.01 

.03 

.02 

.62 


50.73 
50.32 
19.89 
50.05 
.59 

.(17 


.65 
.42 
In 
.45 
.56 
.02 


50.31      50. 


(.01 
.12 
.07 

.10 

.12 
nl 
.11 
.12 
.01 
.08 
.12 
.08 
.03 
.06 
.10 
1 2 

.10 

.08 


I  c  =  .",  I  41''  +  Annual 

18 +    Pol.  F.St.  Term 

Tics  50.00  50.51  +0.04 

7518         .os  .71  +    .1  1 

7584         .09  .09  +-   .10 

7675  50.04  .28  -     .09 

7787  49.82  .28  .06 

7878  50.22  50.58  +   .1  1 

7897         .63  51.12  +  .12 

7926         .11  51.30  +   .11' 

8036  50.20  51.21  —   .07 

sloe,  in..",:  50.54  -     .12 

8150  19.93  .8:;  -     .07 

si'i'l  19.37  .70  -t    .08 

8298  48.97  .26  +   .11 

8419  50.40  .",0.7::  -   .10 

8490  lo.io  51.21  -   .10 

8624  lor,:;  50.71  +0.11' 


Table  111.     Dorpat. 


Annual 

.i  i+        if  1  .  i 

os  n  18.04  -i'i: 

6859  17  86  •     08 

6896  18.35  +   .01' 

6958  177  1 

6969  17  0  1  -    .11 

cos;;  is. on  .12 

7002  17.83  -   .11' 

7020  17..",.",  .1  l 

7035  17  10  in 

7010  17.01  -      08 

7148  is. 19  +0.11 


( 

238 + 


159  is.  lo 

L66  is.  17 

170  18.09 

177  17.07 

192  18.24 

213  18.51 

232  18.45 

272  18.16 

301  I7.7:; 

330  i:.::; 

:;il  17.87 


\nnnal 

/ 

Annual 

/ 

Annual 

li'iiii 

2380000+      <f 

Term 

2380000+      f 

Term 

!    O.ll' 

:;;4.", 

17.00 

-o.ll' 

7C07 

IS.  17 

o.07 

+      .11' 

7360 

17.S.", 

—    .11' 

7000 

18.28 

-    .11 

"       .11' 

7:;7i 

4  7.71' 

-  .12 

7701 

48.34 

-    .11' 

.11' 

7381 

47.70 

-   .11 

771'!' 

18.29 

-   .12 

.11' 

7392 

47.77 

-    .10 

777.1 

IS. 0  1 

-   .11 

.111 

7  111 

17. so 

—    .07 

7777 

48.40 

-   .08 

•     .07 

7508 

48.01 

+    .10 

7897 

18.25 

+   .11' 

IMI 

7520 

is  03 

+    .11' 

7926 

is.  il- 

+ .12 

--    .00 

77,1' 1 

18.05 

+    .11' 

7963 

ls. :;o 

+    .07 

.1 1 

7531 

18.15 

+   .12 

8030 

48.10 

0.06 

-0.1 1' 

7001 

18.22 

+  O.07 

Table   II.     K.onh 


if  =  54 

42'+ 

Jv'  uncorr'd 

Je 

•orr'd 

/ 

F.  s, 

Pol. 

F.  si. 

F.  si. 

<  omp'd 

7100 

5( '  1  1 

:.o.70 

+0.19 

•  0.22 

•  ii  17 

;  o.;;n 

-0.17 

7236 

.20 

10 

.05 

.ns 

on 

.03 

h    .10 

7273 

.54 

■V.i 

+    .01' 

+    .23 

ol 

.00 

7293 

.05 

.49 

in 

OS 

is 

in, 

.00 

7:;i7 

.11 

.58 

.1  I 

+     .01 

-    .IS 

.03 

11 

7::  lo 

.Us 

.58 

.17 

\    111 

.10 

hi 

is 

:.•;:: 

50.07 

1  I 

.IS 

.1:; 

.i'.; 

.18 

in 

7426 

19.90 

.31 

.:;.", 

26 

.;.-, 

26 

.10 

7458 

50.35 

.56 

1    .10 

o| 

+    .05 

.06 

.os 

7506 

35 

.79 

•     22 

+    .11 

•     .23 

06 

7535 

7:; 

•      l  l 

!      L6 

•      1  1 

+  .1:; 

.11 

.43 

+    .10 

1  I 

+    .10 

-   .11 

19 

50.37 

•  0.12 

-  ii  117 

+  0.14 

0.20 

Mean  50.25  50.57 


Tab] 

i:    IV. 

DOBPAT. 

Jc 

t 

Wl. 

Obs'd      Comp'd 

38  7271 

-1 

+  0.1':;     +0.26 

7306 

.", 

+  .:;i     +  .i'o 

7345 

.", 

+    .00      +    .09 

7385 

.", 

-    .11'      -    .04 

7426 

1 

.12     -   .13 

7481 

~, 

.11      -    .16 

7530 

1 

+    .02     -   .07 

7589 

1 

1     ol      +   .11 

7608 

1 

1      o7      +    .10 

38  7656 

:; 

'  0.34      +0.26 
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From  the  given  series  of  values  of  the  polar-point  in  the 
two  positions  of  the  circle  T  have  deduced  the  instrumental 
latitudes  in  a  precisely  analogous  way  to  that  employed  for 
Konigsberg  as  above  described.  They  are  given  in  Table 
III.  To  get  the  constants  of  the  14-mos.  term  in  this  case 
it  is  essential  to  apply  a  correction  for  the  effects  of  the 
annual  term,  since  the  observed  data  cover  only  about  half 
of  a  seven-year  cycle.  This  correction  is  given  in  the  last 
column.  Subtracting  it  from  the  observed  latitudes  and 
classifying  in  precisely  the  same  way  as  for  Konigsberg, 
and  assuming  the  provisional  mean  latitude  "iS3  21"  IS". no. 
we  have  the  values  of  J</  in  Table  IV.  with  their  weights. 
A  solution  gives  the  correction  to  the  assumed  mean  lati- 
tude. +  0".051,  and  the  constants  of  the  14-mos.  term  given 
below.  The  probable  errors  have,  naturally,  merely  a 
nominal  significance. 

-0".219  cos  1 1  -  2387463)  0°.S4  ;    ±  0".027  and  ±  9" 

The  corresponding  computed  values  will  be  found  in  the 
lasl  column  of  Table  IV.  The  reduction  of  the  above  epoch 
to  the  Greenwich  phase  gives  2387430  (Gr.),  which  differs 
2  days  from  the  date  used  in  A.J.  494,  p.  109.  The  radius 
of  the  motion  is  considerably  larger  than  the  value  there 
given,  but  I  think  the  present  revised  value  deserves  de- 
cided preference. 

3.  Comparison  of  results.  To  compare  the  above  results 
with  those  derived  in  A.J. XIV.  p.  19,  from  the  nearly  con- 
temporaneous but  far  more  determinate  series  of  Pond,  we 
reduce  the  observed  dates  of  minimum  latitude  to  a  com- 
mon  phase,   that  of   Greenwich,  obtaining   the  values   1\ 


Wl. 

1 

Red.  to  Common 
Epoch 
2388637 
8722 

n 

0 

2388665 
2388664 

below.      Referring  these  to  a  common  epoch  by  the  , 
I28d.5    we  have  the  last  column.     The   weights    assigned 
represent  fairly.  I  think,  the  relative  strength  of  bhe 
determinations. 


Bessel         1820-27         2386923 

Struve        181':'  26  7436 

Mean.  Struve  and  Bessel 
Fond  1825-36         2389521 


The  mutual  corroboration  of  the  three  series  for  tins 
epoch  thus  afforded  is  of  great  importance  in  establishing, 
by  comparison  with  other  observations,  the  length  of  the 
mean  period  of  the  14-mos.  term.  I  think  this  falls  be- 
tween 428.5  and  428.6  by  any  reasonable  estimate  of  it. 
Nearer  than  this  we  cannot  come  until  we  know  more 
exactly  the  law  of  the  deviations  from  uniformity  to  which 
it  is  undoubtedly  subject  as  demonstrated  in  A.J.  494. 
Assuming  that  the  above  epoch  falls  on  the  same  phase  of 
these  deviations  as  the  mean  epoch  + 1  S  (lor.  cit.)  we  have 
the  interval  2413090—2388664  =  24426,  corresponding 
to  57  periods  of  428.52  days.  Similarly,  assuming  for 
Bradley's  epoch  i .A.J.  514)  2352190  ±  30,  and  that  this 
falls  on  the  same  phase  as  the  epoch  zero,  we  have  the  in- 
terval 2405331  -  2352190  =  53141,  corresponding  to  124 
periods  of  428.56  days.  Taking  into  account  the  probable 
uncertainty  of  the  various  data  the  best  guess  1  can  now 
make  as  to  the  average  period  is  428d.55  ±  0d.15, 
the  second  decimal  is  purely  nominal. 


ABEE RATION-CONSTANT   FROM   POND'S   OBSERVATIONS,  1825-36, 

l!v  S.  C.  CHANDLER. 


The  determinations  of  the  variation  of  latitude,  the 
mean  declinations  for  1830  and  the  nutation-constant  from 
this  series  have  been  published  in  A.J.  313,  315  and  361. 
In  addition  to  these  the  discussion  of  the  aberration- 
constant  has  long  been  completed,  but  it  has  not  yet  been 
printed.  Awaiting  a  favorable  opportunity  for  doing  so 
with  the  requisite  detail  a  brief  summary  of  the  principal 
results  is  here  communicated. 

The  most  suitable,  and  indeed  the  only  satisfai 
material  for  this  purpose  in  Pond's  work  is  comprised  in 
the  following  eight  stars.  The  other  stars  having  suf- 
ficiently large  aberration-factors  in  declination  were  either 
not  sufficiently  observed,  or  the  distribution  was  defective, 
confined  to  a  few  months  of  the  year. 

The  first  two  columns  of  the  table  give  the  name  and 
tutal    number   of    observations.      The    next    four    columns 


show  the  distribution,  approximately,  as  regards  the  maxi- 
mum and  minimum  times  of  aberration  in  declination. 
Column  /  is  the  ratio  of  the  maximum  aberration  in  decli- 
nation to  the  total  aberration.  Column  /•  is  the  probable 
error  of  a  single  observation.  Then  follow  the  observed 
values  of  the  aberration-constant  deduced  for  the  several 
stars,  after  eliminating  the  effects  of  the  latitude-variation, 
with  their  probable  errors  and  the  weights  used  in  com- 
bining them.  Finally,  in  the  last  column  I  have  placed 
the  values  which  would  result  if  we  should  ignore  the  an- 
nual term  of  this  variation. 

The  value  of  the  annual  term  conies  out  by  the  pre  eni 
calculation. 

-0".176  cos  (G -21°) 
which   is   not   sensibly  different  from   that    air.  a< 
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by  an    entirely  different    process,   A.J.  XIV,  p.  19,  which 

0  .173  cos(0     15 
mean  result  of  this  investigation  of  the  abert  i 

20".512    t  0".019 
whicli  .12  larger  than  that  found  it   we  neglect 

the  annual    erm.     Of  t   months  term  was 

applied  olutions. 


In  order  to  make  sure  that  no  material  was  neglected 
which  could  be  oi  anj  service  for  the  purpose,  sol 
were  made  for  man}  other  stars,  but  they  all  proved,  in 
accordance  with  what  might  have  been  anticipated  from 
the  small  theoretical  iberration-factors  and  imperfect  dis- 
tribution "I  the  data,  to  be  indeterminate  in  character; 
and  I  am  convinced  that  thej  would  <mh  tend  to  vitiate 
the  above  result,  if  included.  The  above  value  maj  be 
regarded  as  definitive  from  Pos  d's  sei 


Mar 

i  observations  near 
0bsns'    Max.    Zero     Min.    Zero 

/ 

r 

i  >bs  ii   Aberration 

\\i. 

Aberration 

ignoring 

Annual  Terra 

Polaris  I  .'  . 

317      62 

1  L5 

ins 

32 

0.99 

1  o  17 

20.53    ±0,04 

8 

20.51 

-is  L.C. 

257      64 

16 

55 

122 

0.99 

.07 

20.41           .00 

:; 

'.'Oil' 

rt  <  'i/'/ni 

135      71 

15 1 

0.90 

.:.:: 

L'0..-)L'           .05 

5 

20.32 

>hei 

203        2 

105 

92 

4 

1.00 

.:;i 

20.52         .oc, 

:; 

20.37 

(c  Lyrai 

292     33 

126 

97 

36 

0.88 

.61 

•_'o.;;7        .07 

•  < 

20.17 

fi  Lyrae 

258      15 

7~< 

168 

- 

0.83 

.52 

20.52         .08 

2 

20.31 

ci  Draconis 

isn      L5 

88 

77 

- 

1.00 

.44 

20.63         .08 

•j 

20.46 

ohei 

206 

03 

165 

13 

0.98 

.60 

20.75         .11 

1 

20.59 

a  Aqitilae 

481      5 1 
2629 

209 

205 

13 

0.51 

±0.59 

20.41    ±0.11 
20.512  ±0.019 

1 

20.08 
•.•o  393 

srxsi'OT    OBSERVATIONS, 


M  \  OE     \  I     r.l   l:u  ■,  \.    PENN. 


ITII    A    44-INCH    REFK  VCTOR 


Uv   A.   \V.   QUIMBY, 


1901 

Time 

i 

)t»i 

Snots 

Fac. 

...  - 

Def. 

1901 

Time  Nl  " 

Grs.  Grs. 

'■•'         Fa. 
S  pots  Grs. 

Di  i 

1901 

Time 

New 
Grs. 

Total 
Grs.   Spots 

Fac. 

Grs. 

Def. 

July  22 

5 

1       1 

I 

2 

fair 

Oct.    30 

8      -      1 

;, 

_ 

fair 

N.,v.  16 

3 

_ 

1 

1 

_ 

poor 

- 

in 

1 

fair 

:;i 

9      -      1 

:: 

- 

fair 

17 

3 

- 

1 

1 

- 

poor 

Oct     10 

9 

1       1 

6 

- 

fair 

Nov.      1 

10             1 

l 

- 

1 ■ 

19 

8 

- 

1 

1 

- 

fair 

11 

10 

-      1 

1 

poor 

13 

8      1       1 

1 

faii- 

20 

8 

- 

1 

1 

- 

fair 

28 

3      1       1 

5 

1 

tail' 

1  1 

9      -      1 

:; 

l 

fair 

21 

8 

- 

1 

1 

- 

fair 

•_".! 

1 

5 

1 

fair 

15 

8             1 

l 

l 

poor 

22 

8 

1 

1 

fair 

Dit.  Quimby's  most  valuable  series  ol  itinued  uninterruptedly   for  so  tune.  ,i  series  of  years,  was  communicated  by 

him  in  his   usual  form.     B  count  oi  the  remarkable  paucity  of   sunspots   during  the  last    half  of    1901    ii    consisted    target]  ot 

blanks,  -<>  that  in  1 1 1 i ~.  instance  eil  desirable  to  print  only  those  dates  on  which  -pots  or  Taeniae  were  visible,  together  with 

the   following   statement:     Observations    were    made  on  every  daj   from    Julj   1  to  Dec.  SI,   inclusive,  except   July  12,    [3,    26,    A.ug.  6, 
Sept    Is    N"v.  lx.   Dei      !     L3     14,  29;    but   no  spots  or  taeniae  were  visible  except   on  the  dates  given  in  the  table. 

Ed. 


COKT  E  X  'I'  S  . 
•|  u  K    1. 1  i l     ^1  lEl'OSITS  OX  Till     LENGTH  O]     i  II I     Ti:i:i:i  - 1  i:i  \  i     DAT,   BV  G.   Jon 

The  Vakiabi.i  6458  V   Draconis,   in   7.  \ i  -  Daniel. 

Observations  oi    Variabli   Stars,   1900  1901,   n\    Paui    S.   Stendeli.. 

Variation  oi    Latitudi    froji   Uessei.'s    ind  Struve's  Observations,  bi    S.  C.  Chandler. 

Vbebratiox   Constani    from   Pond's  Observations,   1825  36,   r.v  s.  c    Chandi  i  i 

.       W  .    l,l  I   ISIBT. 


riii-MONTin.Y.  iit  S.  c.  Chandler,      iddkes  d  si        e,  51  Isbociatr  Editoi       Isaph  Hall  and  Lewis  Boss. 

rnos.  I     Nn  hols.  Lynn,  Mass.     Enter*  [ass.,  as  second  class  matter.    Cloud  January  15. 
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ILLUSTRATIONS    OF    PERIODIC    SOLUTIONS    IX    THE    PROBLEM    OF 

THREE    BODIES, 

By  G.  W.   HILL. 

(Fikst    Article.) 


Whenever  a  system  of  moving  bodies  retakes  after  a  cer- 
tain lapse  of  time  the  same  position  relatively  to  the  bodies 
themselves,  the  solution  of  the  differential  equations  to 
which  this  case  corresponds  is  called  a  periodic  solution. 
Periodic  solutions  may  be  broadly  divided  into  two  classes. 
The  first  class  contains  those  cases  in  which  there  has 
taken  place  a  rotation  of  the  whole  system  in  the  interval 
between  the  mentioned  positions.  The  second  those  in 
which  no  such  rotation  has  occurred,  but  the  longitudes  of 
the  bodies,  as  well  as  their  distances,  have  returned  to  the 
same  values.  In  the  illustrations  to  be  given  here  we  will 
confine  ourselves  to  the  latter  class. 

For  expressing  the  differential  equations  of  motion  of 
two  planets  about  their  central  body  we  will  employ  vari- 
ables similar  to  those  of  Delaunat  in  the  Lunar  Theory, 
but  (with  Poini  w  i  we  will  denote  the  energy  of  the 
system  by  F.  Then  these  equations  may  lie  given  the 
form 


dh 
It 

,11 
,11 

dh< 
~dt 
dV 
~dt 


dF 

~dl 

dF 
~0~L 

dF 

~w 

dF 

"7777' 


dG 

777 

dg 
dt 

dG' 
~dT 
dgl 
dt 


dF 

dg 
dF 
dG 

,>F 
~dgi 
OF 

'7777 


,ii 
dh 
~dt 

dlV 

~dt 

,11,' 
dt 


dF 

dF 

,UI 

dF 

dh' 

,)F 
dH' 


In  these  formulae  I  and  V  may  be  regarded  as  similar  in 
signification  to  the  two  mean  anomalies  of  the  planets, 
while  ,/  and  g'  are  the  angular  distances  of  their  perihelia 
from  their  nodes,  and  h  and  h1  are  the  longitudes  of  the 
latter.  For  L,  G,  If,  L',  G',  H'  we  have  the  following 
equivalents  : 

L  =  Myjl  ,  G  =  il/VS.Vi11^  >  H  =  M  V«  Vl11^  cosi 
V  =  M'l/a',   G'  =  My/tf-ji^  ,  H'  =  M'^/a'^/l^cosi' 


where  M  and   M '  are  certain  functions  of  the  masses  and 
the  other  letters  have  the  customary  signification. 
I)  being  the  potential  function 


F  = 


tf+pi+O 


where  again  /x  and  jx'  are  functions  of  the  masses.  CI  is 
developable  in  an  infinite  periodic  series  of  cosines  whose 
general  argument  is  a  linear  function  of  the  angular  ele- 
ments, /,  </.  h,  I',  g',  h' ;  that  is,  we  have 

n  =  Z.Ccos(tt+i'g+i"h+i'"r+tvgi  +  ivh') 
where  the  i  are  positive  or  negative  integers,  and  C  involves 
onlj    /..  G,  II.  I.1.  G>,  H'. 

Now  we  may  imagine  that  by  a  series  of  operations  of 
Delaunay  we  maj  remove  from  F  all  the  sensible  terms 
whose  arguments  have  a  sensible  motion.  The  forms  of  F 
and  the  differential  equations  are  not  changed  by  this  pro- 
cedure. It  is  evident  that,  at  this  stage  of  the  investiga- 
tions, we  may  suppose  our  work  of  integration  finished, 
provided  thai  the  conditions,  to  be  mentioned  shortly,  are 
fulfilled.  For  the  sake  of  distinction,  let  us  say  that  F 
has  now  become  F0 .  and  suppose  that  L,  G.  II.  I.'.  G',  II' 
are  now  constants.     Then  the  six  equations 


=  0 


dF, 
dg 


=  0 


0 


0 


dFQ 
dh' 


7777 

■dV  '   dg' 

ought  to  be  satisfied.  Let  us  suppose,  in  addition,  that  the 
perihelia  and  nodes  are  stationary ;  this  gives  the  four 
equations 

'"'■        0       "'    =0      ^  =  0,^  =  0 
dG  '   dH  '    dG'  '    ,/// 

The  two  remaining  equations  may  be  written 

dF0  _  dF0  _ 

,>L  n      '     dL> 

where  n   ami   // ',  being  constants,  are  the  mean  motions  of 

(93) 


'.II 
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the  plani  bs.     Let  us  m  ■   in  the 

propoi  ers  k  and  /.•'.     Then,  as  an  e] 

equation,  we  may  write 


/.■' 


•  '/; 


•?  =  o 


•  </■; 

Tin-  last  supposition  is  evidently  necessary  in  order  thai 

a  perio  -    '.     Although  k  and  /.•'  may  be 

at  will,  all  cases  will  be  arrived  at  by  adopting  num- 

I  i   •  i  ..  ■. .'ii  equations 

to  determine  twelve  arbitrary  constants ;  thus  one  is  left 

hould   be,     ■   ii"'  origin 

which  longitudes  are  mi  ■     be  taken  al  will. 

i  \  en,  we  may  sub- 
si  it ute  others  \\ h ii  a  posil i\ e  integer, 
ident  the  form  of  /■',  is 
/•'0  =  2.  ''eos[,                    \-iig+i"h+Fgi+i>hi~\ 
When    this                              partially  differentiated  with 
•  of  the  elements  /,  g,  h,  !'.  </',  h1,  we  have 
a  series  of  sines.     The  six  equations  are  then  satisfied  if 
we  make 
g9  =  0°  or  180°,  A0    =  0°  or  180°  .  g0'  =  0°  or  ISO0 

h0'  =  0°  or  180°  .  /.'70  -  kl0>  =  0°  or  L80c 

These  substitutions  can  be  made  in   P*0,  by  which  it  is 

ed  to  a  function  of  L,  G,  II.  I.'.  (?',  //'.     Using  the 

same  symbol  to  denote  the  function  after  this  change,  the 

equations,  which  remain  to  be  satisfied,  are 


v*£  -k9* 


=  0 


->/■; 

3G 

■>l\ 


=  0 


=    0 


an         '  dG>  dW 

\<  these  equations  are  live  in  number,  they  leave  one  of 
the  six  elements  L,  G,  Hf  /.',  G',  H'  undetermined.  Then 
we  can  take  either  /.  or  I. '  at  will,  and  the  rest  follow. 
II  ..  provided  the  equations  last  given  have  suitable 
roots,  the  differential  equations,  we  stopped  with,  will  be 
satisfied. 

previous  reasoning  has  been  conducted  on  the  sup- 

D    that    we   are   dealing  with    three    bodies:    but   it   is 

plain  that,  however  many  bodies  there  may  be  in  the  sys- 

are  1  rue.     The  whole  gisl  of  I  he 

matter  I   the  initial  values  of  the  elements  must. 

i  juste. l  thai  '  c  pertui  bat  ions  vanish. 

[n  th  I  as  if  the  /.  g,  h,  /',  //',  /,' 

of  Diu.acnw  were  six  i m  1  e ] m. 1 1 . ] e ii t   angular  elements  in 

blem  of  Three  Bodies.     But,  as  th  r •. 

alwaj  of  pla  nets,  it 

Lei   us  deno 
•  ■'./,.  of  which  the 
a    finite    motion. 
\  nents  be  severally  /., .  /.„. 

/.  .  /.,.     Then 

F  =  2    C  co    .';',+  ;.,  /„  +  /.,  /..  +-  it  /4] 


=  0 


=  a  constant 


From  this,  b\  a  series  of  I'm  u  \  \n  transformations, 
■•■>  iil  be  removed  all  the  terms  involving  /,.     Then  we  shall 

ha\  e 

/■;  =  z.  Ccos[i,  /,+  ",,  /,+;.,  /,] 

\ii.i'  this  /.,  will  be  a  con  itanl  ;  so  that  the  coefficients 
C  can  be  regarded  as  involving  only  the  three  variables 
/.,.  /...,  /...  Then,  to  bring  about  a  periodic  solution,  it  is 
necessary,  in  the  first  place,  to  make 
/,  =  0  or  180  .  /,  -  0  or  180°  ,  /.,  =  0°  or  180° 
These  substitutions  made  iii  F0  reduce  it  to  a  function 
of  the  three  quantities  /., .  /  .  Lt,  still  regarded  as  variable. 
But,  in  the  second  place,  the  equations 

"'-  =  o  .  '"■"  =  o  .  ■"} 

,>/.,  ,jL„  ,)!,, 

must  be  satisfied.     Thus,  if  we  suppose  that  the  constant 
element  /.,  is  selected  at  random,  the  values  of  the  other 

linear   elements    bec< iletel  m  ma  t  e  :    and    the    motion    of 

the  conjugate  element  lt  is  given  by  the  equation 
<//,         _  OF, 
dt  </A4 

It  will  be  noticed  that  the  six  conditions,  just  set  down, 
are  precisely  those  required  to  make  the  function  F0  at  a 
standstill    in  reference  to  the    six    variables    i,,X2,  Lz) 

In  appearance  eight  different  periodic  solutions  ought  to 
belong  to  each  assigned  value  of  Li;  but  these  are  often 
not  all  distinct.  Also  we  may  be  restricted  to  a  limited 
range  of  values  for  L4  if  real  solutions  are  to  be  obtained. 

Our  illustrations  will  be  selected  from  the  coplanar  case 
of  the  Problem  of  Three  Bodies ;  and  thus  one  equation 
will  drop  out  from  each  of  the  two  groups  of  three  con- 
ditions. In  this  case,  if  we  extend  somewhat  the  signifi- 
cation of  the  phase  "line  of  apsides,"  a  little  consideration 
will  show  that  the  two  remaining  conditions,  having  refer- 
enee  to  the  angular  elements,  are  tantamount  to  the  state- 
ment that,  in  order  for  the  existence  of  a  periodic  solution, 
the  lines  of  apsides  of  the*  two  planets  must  coincide,  and 
of  symmetrical  conjunctions  and  oppositions  there  must  be 
two  upon  this  line  in  each  period  of  the  solution. 

Moreover,  we  shall  suppose  that  Jupiter  is  one  of  the 
planets  and  a  minor  planet,  the  other.  The  latter  being 
si i  pposed  to  have  an  evanescent  mass,  t  he  motion  of  Jupiter 
i  Keplerian  with  elements  nol  admitting  adjustment. 
Hence  one  more  of  the  second  group  of  three  conditions 
will  fall  out,  and  there  is  no  opportunity   for  the  selection 

of    any    linear    element.       Here    all    that     distinguishes    one 

Lie  solution  from  another  is  the  value  of  the  rational 
,.     k 

rat  10    ,-:  . 
It 

[f  Ue  adopl  the  L  and  G  of  Delauna?  for  the  minor 
planet,  their  value    in  I  hi    case  must  sat  tsfy  the  equations 

?5    o,  ?5-—  ' 

dG  <>i- 
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where  n  is  the  mean  motion  of  the  minor  planet,  deduced 

at  once  from  the  ratio  —  and  the  known  n'  of  Jupiter. 

F,  expanded  in  periodic  series  has  the  form 

F  =  2  Ccos[il+i'l'+jy] 

where  i  is  a  positive  integer,  but  V  and  j  may  be  either 
positive  or  negative  integers,  and  y  denotes  the  angular 
distance  of  the  perihelion  of  the  small  planet  from  that  of 
Jupiter.     The  coefficients  C  are  of  the  form 


Solution  I 

y  =  0°    , 

k 

=  0° 

Solution  II 

y  =    180°, 

k 

=  0° 

Solution  III 

y  =  0°     , 

k 

=  180 

Solution  IV 

y  =  180°, 

h 

=    ISO 

But  if  we  put 

dZC 


C  =  A0e<  +  A.e^-  +  A„e<+4  + 

the  A  being  constants.  After  all  the  terms  having  argu- 
ments with  sensible  motions  have  been  removed  from  F  it 
is  plain  we  may  write 

F0=  ZCui  cos  [</  +  / I  /.-f./y] 
where  C,  ,  has  the  same  quality  as  C  before,  and  lt  denotes 
the  argument  whose  motion  vanishes  to  make  the  periodic 
solution.     Then  there  appear  to  be  four  different  solutions 
for  each  selection  of  the  argument  l^  as  follow : 

dzc, , 


-'+  /.-//' 


dL 

dL 


+  kn' 


k'         K     7       ''s+kn' 
dL 

k' ^— -i- — y  +  kn' 

dL 


=  0, 


=  0 


=  0 


=  o , 


dG 


=  0 


3  2(-l)  C,,,. 


dG 


=  0 


dZ(-u--<\ 


dG 

dij-iyc^ 

■dG 


=  0 


2" .  CUj(i  and  J  both  even)  =  Dx 
1  .  (',,(<' odd,,/ even)  =  J>3 

the  third  and  fourth  equations  of  each  Solution  become 


Z  .  C„  ,  (i  even,  j  odd)       =  D., 
2.  CLj  (t'and,/  both  odd)  =  X>4 


Solution  I 


Solution  1 1 


Solution  III 


Solution  IV 


k' 


d(Dx- 


dL 
■  D,  +  D,-Dt) 


9(2),- 


dL 


dL 


dL 


+  kn'  =  0 
+  kn1  =  0 
+  kn'  =  0 
+  kn '  =  0 


d(D1-Di+Ds-Di)   = 

»(A-A-A+.A) 


7)0 

3(A+A-A-A) 


=  0 


=  0 


When  i  is  even  Ct,  involves  only  even  powers  of  e.  But 
when  i  is  odd  C,  ;  involves  only  odd  powers  of  the  same. 
Hence  T\  and  D„  contain  only  even  powers  of  e,  while  D3 
and  Dt  contain  only  odd  powers  of  the  same.  Consequently 
Solution  IV  is  not  distinct  from  I,  nor  III  from  II.  There 
is  then  no  need  to  set  ll  =  180°  as  all  distinct  solutions 
may  be  got  from  the  assumption  /,  =  0°.  As  there  are 
no  arbitrary  constants  which  may  be  taken  at  random  in 
this  matter,  all  that  distinguishes  one  periodic  solution 
from  another  are  the  values  assigned  to  I;  and  k',  and  the 
two  values  0°  or  180°  which  may  be  assigned  to  y. 

The  elucidation  of  this  subject  in  the  fashion  of  syn- 
thetical geometry  is  worthy  of  attention.  In  the  diagram 
let  S  denote  the  position  of  the  Sun  adopted  as  the  origin 
of  a  system  of  rectangular  coordinates,  J  the  position  of 
Jupiter,  and  let  SJ  the  radius  of  Jupiter  be  bhe  axis  of  ./-. 
<iive  the  system  of  axes  a  variable  rotation  in  the  plane  of 
Jupiter's  orbit,  so  that  the  axis  of  x  may  continuously  pass 
through  the  position  of  Jupiter.  Then  this  planet  will 
appear  to  oscillate  on  the  axis  of  x  between  ./,  which  we 
take  to  be  the  position  of  the  planet  at  perihelion,  and  J1 
its  position  at  aphelion.     Suppose  that,  when  Jupiter  is  at 


J,  the  minor  planet  crosses  orthogonally  the  axis  of  x  at 
the  point  P,  or,  in  other  words,  that  there  is  then  a  sym- 
Fig.  I. 
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metrical  conjunction.     Now  let  an  odd  number  of  semi- 
elapse,  Jupiter  will  then  be  a1  J1  in 
aphelion.     Next,  lei  the  radius  SP  of  the  minor  planel  and 
ocity  at  the  point  I'  rel  moving  system  of 

adjusted  thai   the  planel  accomplishes  an  odd 

numbei  revolutions,  and  ci jonally 

pi   a1  /'  "ii  the  farther  side  of  S,  or,  in 

there    is    now  symmel  osition, 

\      ■  t  I  lie  same  odd   number  oi     emi-revolu1  ions  of 

elapsi       This  planel  is  then  a1  J,  or,  again  in  peri- 

0  t  of  1  he  symmetry   of   t  he  mo1  ion   of 

<■  in  these  tw [ual  intervals  of  time,  it  is  plain  the 

minor  planet  will,  from  the  point   id'  symmetrical  oppo- 
•  its  path,  but  in  reverse  order  with  res] 
-  it  will  arrive  again  at   the  poinl  /'.  and 
jonally  the  axis  of  .< .  and  a  complete  period  of  its  mo- 
tion v.  iplished.     The  axis  of  x  will  divide  what 
may  b                   i  synodic  orbit  into  symmetrical  halves. 

s  plain  that  we  may,  in  thi  iterchange  the 

points  J  and  J';  that  is,  make  the  symmetrical  conjunction 

occur  when  Jupiter  is   in   aphelion,  and  the  symmetrical 

it  ion  when  it  is  in  perihelion;  thus  the  number  of 

Ik   solutions   obtained   will    be  doubled.      If   we  have 

elaborated  the  first  group  of  solutions  in   leaving  e'  the 

■  terminate,  it  is  plain  i  he 

second  group  will  result  by  simply  changing  the  sign  of  i '. 

The  adjustment,  spoken  of  above,   i     no1    proved  to  be 

possible  for  all  values  oi  theodd  numb    i        mi-revolutions 

mentioned;  that  is,  in  some  cases  we  might  find  imaginaiy 

or  unsuitable  root  equations   involved.      But  it  is 

certain,  howi  dii    solutions  of  the  char- 

■  described  I  sistence. 

Lei     '_'.'-   1  •     "<\<\    number    of    revolutions    of 

ol    the     olui and  2j'+  1    th Id 

number  of  synodic  rei  ainor  planet  in  the 

ime;  then 

n    _   2i+2 
n>  ~       ■■:  i  l 
It  is  of  sufficient  a  I  ible  to  double  entry 

for  the  values  of  this  ratio  corresponding  to  the  smaller 
value- 


i 

0 
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j  =  l 

./'  =  4 
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Thi  i  =  1 , 

.  whore  there  are  three  synodic  n  "t"  the 

minor  planet  in  the  period  of  the  solution.      It  will  be  seen 


that  the  synodic  orbit  of  the  planet  has.  in  this  ease,  two 
multiple  points  situated  on  the  line  of  symmetrical  con- 
junctions and  oppositions ;  the  first  (marked  2)  lies  between 
Sand  P',  the  second  (marked  4)  lies  beyond  the  point  P. 
As  the  curve  has  not  been  plotted  from  calculation,  being 
intended  to  illustrate  onlj  the  general  appearance  of  things, 
this  order  maj  need  to  be  reversed.  The  order  of  motion 
of  i  he  minor  planet  is  readilj  followed  in  the  diagram  by  the 
numerals  attached  at  the  completion  of  each  quadrant  of 
synodic  nio\  ement,  v  i/..  /',  1 .  2,  3,  4  ....  10, 11,  P. 

It  will  be  noticed  that  the  table  just  given  does  not  con- 
tain all  possible  rational  quantities,  and  thus  the  field  for 
periodic  solutions  is  not  yet  exhausted.  This  is  because 
we  have  limited  the  exposition  to  the  ease  where  t  he  two 
orthogonal  crossings  of  the  line  of  syzygies  lie  on  opposite 
side-,  of  S,  or  where  one  is  a  conjunction  and  the  other  an 
opposition.  Bui  both  may  lie  on  the  same  side  of  S. 
Fig,  2  is  designed  to  exemplify  the  later  case. 


Suppose  that  when  Jupiter  is  in  perhelion  at  J  the  minor 
planet  is  in  symmetrical  conjunction  at  /'.  After  an  odd 
number  of  semi-rei  olutions  of  Jupiter  this  planet  will  be  in 
aphelion  a1  J  .  The  radius  SP  of  the  minor  planet  and  its 
velocity  at  P  relative  to  the  mm  ing  system  of  axes  maj  be 
so  adjusted  that  the  planet  accomplishes  in  the  interval  an 
integral  number  of  synodic  revolutions,  and  crosses  orthog- 
onally the  axis  of  .<•  at  a  poinl  /  on  the  same  side  of  Sas 
P,  and  there  is  again  symmetrical  conjunction.  Next,  let 
the  same  odd  number  of  semi-revolutions  of  Jupiter  elapse. 
The  planel  is  then  at  •/ and  in  perihelion.  On  account  of 
the  symmetrj  of  the  motion  of  Jupiter  in  these  equal  inter- 
vals, it  is  plain  the  minor  planet  will,  from  the  second 
etrical  conjunction,  repeat  its  path,  but  in  reverse 
order  with  regard  to  time.  Thus  it  will  arrive  again  at  P, 
and  intersect  the  axis  of  x  orthogonally,  and  a  complete 
i  of  it  s  mot  ton  will  ha\  i  e  through. 

The    figure    represents    the   case    "here   there   are  two 

s\  nodic  re\  olui  ions  in  the  period  of  the  solution.     There  is 

but  one  mull  iple  point.      If  the  points  •/  and  ./'  are  rotated 

li  a  semi-circle,  so  thai   they  fall  into  the  positions 
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J"  and  ./'",  the  figure  will  represent  the  ease  where  there 
are  two  symmetrical  oppositions. 

Let  2/  +  1  denote  the  odd  number  of  revolutions  of 
Jupiter  in  the  period  of  the  solution,  and  2j  the  even  num- 
ber of  synodic  revolutions  of  the  minor  planet  in  the  same 

,    „    ,  "  2*+27  +  l 

time.      Then    we    shall    have      — ;  — 
ii ' 

following  table  : 


'i  +  1 


and    the 


i 

0 

j=0 

J  =  l 

.;"  =  2 

j=3 

5  =4 

i  =  s 

1 

3 

5 

7 

9 

ll 

1 

1 

* 

7 

3 

3 

1 1 

3 

1  .'! 

3 

2 

1 

7 

5 

:• 

',' 

1  ; 

3 

3 

1 

:J 

V 

1  3 

7 

1  :. 

7 

1  7 
"7" 

4 

1 

1  1 
~5 

i  -. 

ii 

1  7 

1  9 
■ff 

5 

1 

1  3 
TT 

tt 

1  1 

H 

H 

Let  us  grant  that  in  illustration  we  limit  ourselves  to 
cases  where  the  two  planets  do  not  approach  each  other 
very  nearly.  Then  at  least  a  rough  idea  may  be  obtained 
of  the  course  of  the  synodic  orbit  in  neglecting  the  square 
of  the  disturbing  force.  Thus  no  Delaunay  transforma- 
tions are  necessary. 

From  the  point  of  view  of  calculation  all  periodic  solu- 
tions maybe  divided  into  two  classes;  first,  those  where 
/.•  —  /.■'  is  a  large  integer  (say  8  or  larger);  second,  those 
where  bhe  same  difference  is  a  small  integer  (ranging  from 
1  to  7).  Dealing  with  the  first  class  we  may  throw  out 
from  ,F  all  the  periodic  terms,  since  in  F0  thej  would  be 
factored  by  powers  of  e  higher  than  , 7,  and  retain  only  the 
so-called  secular  terms.  With  the  second  class,  however,  it 
will  be  necessary  to  retain,  in  addition,  all  the  sensible  terms 
involving  the  general  argument  KJt'l  —  kl1)  +  jy  whose 
motion  vanishes  for  the  periodic  solution  treated;  for  here 
these  terms  are  secular  to  the  same  title  as  those  mentioned 
for  the  first  class. 

With  the  limitations  we  have  imposed,  the  construction 
of  a  periodic  solution  of  the  first  class  is  a  quite  simple 
affair. 


Let  a'  denote  the  semi-axis  major  of  Jupiter,  A  the  dis- 
tance between  the  two  planets,  u>  and  o>'  the  longitudes  of 
their  perihelia,  and  R  the  secular  portion  of  the  periodic 

a' 
development  of  — .  Neglecting  the  simple  powers  of  e1  be- 
cause they  disappear  in  the  partial  differentiation  with 
respect  to  e,  and  carrying  the  approximation  to  the  degree 
of  neglecting  terms  of  the  Sth  order  with  reference  to  the 
eccentricities,  it  is  well  known  that 

R  =  A1e*+  --'./■''+  Ase'ie*+Aiee+  J./V-'-KV'V- 

-(./ ,.  '  i  Aie",e+A10e'es  +  Anelse,'+J12i   '<< 

COS(u  — a)') 

+  (Aae  "-,-  +  .  J,/ V+. ],.-/•' V2)  cos  2  (oj-o.') 

—  Awe' 8  e3  cos  3  (<o  —  <u') 

where  the  A  arc  positive  constants  and  functions  of  a  the 
ratio  of  the  mean  distances.  Make  in  this  expression 
u)  —  u)'  =  0°  or  180°,  and  take  the  partial  derivative  with 
reference  to  e.     Thus 


dR 
9e"  = 


:T(A7e'+Aie'a+A]ae'i)+2lJ1+(As^AK)e'i+(AB+Au)e'i}e 

T3[Ahe>+(J11  +  AK)ei^e"-  +  i[.L+(.lr  +  Jli)e>°-]e° 

±">.l„/<1  I  6  i/' 

where  the  upper  sign  belongs  to  the  value  0°,  and  the  lower 
sign  to  the  value  180°  for  <o  — <«'.  This  expression  must 
vanish  in  order  that  the  line  of  apsides  of  the  minor  planet 
may  have  no  secular  motion.  This  affords  the  condition 
necessary  to  the  determination  of  e.  It  is  seen  at  once  that 
if  e  is  to  have  a  positive  value,  the  upper  of  the  ambiguous 
signs  must  be  taken.  The  assumption  of  the  lower  sign 
leads  to  a  value  of  e  the  negative  of  the  former;  which  would 
mean  that  the  ellipse  must  be  revolved  through  a  semi- 
circle. Tims  the  latter  assumption  is  not  really  distinct 
from  the  former. 

Making  e'  =  0.04825336,  the  equation  in  e  has  been 
computed  for  every  0.03  in  the  value  of  «  from  «  =  0.01 
up  to  u  =  0.70,  and  the  value  of  e  obtained  therefrom. 
The  following  table  contains  these  values,  but  only  for 
ever}-  0.02  in  the  value  of  u. 


e 

» 

e 

a 

e 

'a 

e 

a 

e 

0.02 

0.0012091 

0.16 

0.0096411 

0.30 

0.0179216 

11.11 

0.0258982 

0.5S 

0.0333726 

0.04 

0.0024178 

0.18 

0.0108366 

0.32 

0.0190838 

0.46 

0.0270022 

0.60 

0.0343837 

0.06 

0.0036258 

0.20 

0.0120286 

0.34 

0.0202392 

0.48 

0.0280955 

0.62 

0.0353776 

0.08 

0.0048326 

0.22 

0.0132167 

h.:;i; 

0.0213875 

0.50 

0.0291772 

0.64 

0.0363529 

0.10 

0.0060379 

0.24 

it.  m  14005 

0.38 

0.0225281 

0.52 

0.0302466 

0.66 

0.0373080 

0.12 

0.0072414 

0.26 

0.0155796 

0.40 

0.0236605 

0.54 

0.0313029 

0.68 

0.0382412 

0.1  1 

0.0084426 

ILL'S 

0.0167534 

0.42 

0.0247841 

0.56 

0.0323453 

0.70 

0.0391503 

Choo 


sing      -  =     ,,     we  obtain  a  from  the  equation 


log  l 


9.9998618' -  7:  log 


and,  entering  the  table  with  this  argument,  have  the  value 


which  must  be  attributed  to  the  eccentricity  of  the  minor 
planet  in  order  that  the  line  of  apsides'  may  have  no  secular 
mo1  ion. 

The  treatment  of  the  case  where  k— k'  is  a  small  integer 
is  reserved  for  a  second  article. 
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PERSONAL    EQUATION    RELATIVE   TO  STELLAE    MAGNITUDE  FOE 
ALliANV    OBSERVATIONS, 

By  LEWIS  BOSS. 


:  i  be  Ubany  Zone-*  ibservations  in 

tin'  yours  1879,  1880  and   ! sv-'.  spei  ations  were 

made  bi  effecl   upon   personal  equation    in 

duced  by  an  apparent  diminution  in  the  bright- 

:   the  star's  image.     This  diminution  was  produced 

held   in  front  oi   I bjecl  h  e.     The 

on  are  printed,  in 
detail,  in  the   Introduction  of  the  ATbanj  Zone-Catalogue 
[n  the  discussion  oi  I  ervations  we 

may  assume,  either  that  the  effect  on  personal  equation  is 
directh  proportional  to  the  apparenl  diminution  of  star- 
magnii  thesis  [),  or  that  the  ratio  of  this  effecl  on 

mal  equation  varies  with  the  magnitude,  and  that  it 
become  .  greater  for  the  fainter  stars  (hypothesis 

II        It'   U" denote  the  magnitude  of  the  star,  and  4M.0  be 
taken  as  aconvenienl  and  natural  point  where  theequation 
ero,  we  may  express  the  magnitude-equa- 
tion thus  : 

Hypothesis     I:   ./«<=-  i.I/—  \)x1 

Hypothesis  II:     1a  =  <  .l/-4>..-„  +  (M—  4)2ya 

The    results    of    the    screen-experiments    at    Albany    in 
L879  8S  be  expressed  in  the  following  summary : 


Hyp.  I. 


Hyp.  II. 


Year 

1879 
1880 
L882 

n...  Det. 

91 

97 
89 

-0^0118 
-0.0130 

-0.0177 

_08.0098 
—0.0056 

-0.0119 

_0".00048 
-0.00157 

-0.00121 

Mi  i]  - 

277 

-0.0142 

-0.0087 

-0.00116 

I  have  preferred  the  results  from  hypothesis  [I,  which, 

however,  differs  only  slightly   from  the  other   for   magni 

i  u  3".0  and  9 

tgh  aware  i  Lanation  of  this  phenomenon 

derived  from  physical  experiment  it  seemed  to  me  possible 

that  a  large  part  of  this  equation  in  mj  own  case  mi 

■  my  habit  of  observing  transits.      I  had   fallen   into 
the  habit  of  tryin  try-key  in  such  a  man- 

i'imii  to  me  simultaneous 
with  the  apparenl  b;       h       it-1  hread. 

This  method  I  fo  natural  and  very  precise.     But 

it  seemed  to  me  that    the  imp  hi    be 

governed    in  a  very  large  degree    by  the  relation  to    the 
transit-thread  of  the  pn  tar-image;  so 

that  the  tendency  might  be  to  anticipate  when  observing 
Lcci  rdingly,  in  188  I.  I  determined  to  altei 
my  method  of  observing.     I  would  accept  the  im] 
tap    the   key    when    the    image  appeared   to   be  bisected    bj 


the  thread.  With  close  concentration  of  attention  I  perse- 
vered in  this  practice  until  it  seemed  natural  and  resulted 
in  whal  novi  appears  to  be  a  settled  habit. 

In  mj  article  upon  the  " Positions  of  165  Compari  on 
Stars  determined  at  Albany''  in  1886-7  (see  A.  J.,  Vol.  X, 
p.  75)  I  called  attention  to  this  change  of  habit  and  alluded 
to  the  reason  for  il  in  the  following  words :  "Whether,  in 
accordance  with  intention,  this  plan  has  caused  the  error 
ot  transit  dependent  on  magnitude,  which  is  exhibited  in 
the  observations  for  the  Llbanj  LG  Zone,  to  disappear,  is 
a  problem  which  remains  for  future  investigation."  At 
that  time  the  recently  adopted  method  of  observing  was 
found  still  difficult  and  the  transits  suffered  in  accuracy. 
In  the  observations  made  m  1896  1900  at  the  new  Dudley 
Observatory,  where  something  like  30,000  transits  have 
been  registered  by  the  writer,  this  habit  of  observing,  as  I 
have  stated,  has  become  fixed  and  the  casual  probable  error 
of  transit  over  a  single  thread  is  less  than  ±0'.04. 

Accordingly,  in  the  year  1S',)!»,  I  investigated  anew  my 
personal  equation  for  star-magnitude.  The  method  adopted 
was  practically  identical  with  that  employed  m  1879-1882. 
But  I  used  only  one  wire  screen,  —  screen  II,  of  wire 
gauze,  as  described  in  the  introduction  of  the  Albany  A..G-. 
Zone-Catalogue  (p.  16).  In  all  219  separate  determinations 
were  made.  The  observations  were  so  conducted  as  to 
eliminate  any  possible  error  in  the  adopted  wire  intervals. 
The  field  illumination  during  each  evening  remained  con- 
stantly very  bright  and  the  same  for  faint  as  for  bright 
stars.  The  precision  attained  seems  to  indicate  that  there 
would  have  been  no  material  gain  in  the  further  multiplica- 
tion of  observat  ions. 

There  is  some  doubt  about  the  absorption  of  the  screen, 
—  a  doubt  which  it  might  be  difficult  to  resolve  in  a  satis- 
factory manner.  The  adopted  absorption  is  determined 
from  the  observations  themselves.  It  was  always  my 
to  estimate  the  magnitude  od  th  ma  e  after  its 
light  had  been  reduced  b\  the  screen,  but  for  magnitudes 
of  stars  much  brighter  than  7M.0,  estimates  made  of  the 
image  formed  hj  an  objective  so  large  as  ours  (eight  inches) 
must  necessarily  be  very  uncertain  both  in  the  systematic 
and  casual  sense.  For  the  image  at  undiminished  bright- 
6  0,  or  bright  r,  I  have  adopted  the 
oi  the  Harvard  Photometry.  My  own  scale  of 
magnitudes  depends  upon  the  Bonn  "Durchmust&ning,  and 
for  stars  from  7*.5  to  9".0  is  well  fixed.  For  the  immediate 
purpose  contemplated  the  possible  lack  of  uniformity  in 
the  scale  of  magnitudes  employed  is  not  of  much  conse- 
quence, as  will  be  perceived.     The  estimates  of   magnitude 
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for  the  reduced  magnitudes  were  intended  to  be.  and  proba- 
bly are,  sensibly  conformable  to  the  estimates  of  magnitude 
of  the  corresponding  classes  in  the  observations  for  the 
catalogue  throughout  the  years  1896-1900.  But  when  the 
experiment  under  consideration  is  treated  as  an  abstract 
investigation  of  a  physical  constant  the  case  is  different. 
At  the  same  time,  uncertainty  as  to  the  absorption  of  the 
screen  is  probably  not  sufficient  to  affect  the  general  con- 
clusions of  this  paper,  and  I  have  not  considered  it  worth 
while  to  enter  upon  a  detailed  discussion  of  the  question. 

If  we  take  199  estimates  of  the  absorption  of  the  screen, 
it  results  that  the  use  of  it  in  front  of  the  objective 
diminishes  the  brightness  of  the  star-image  by  2M.52,  a 
result  quite  accordant  with  that  which  was  found  in  1  N 7 '. ' 
1881'.  But  if  we  consider  the  absorption  in  relation  to  the 
scale  of  magnitudes  employed,  the  observations  indicate 
that  it  varies.  In  the  following  table  of  observed  absorp- 
tions the  magnitude  of  the  star  at  full  brightness  is  the 
argument. 

Mag.     Observed  absorption     No.  Det. 

3*3  3/13  24 

4.0  2.83  15 

5.1  2.79  34 
6.1  2.51  90 
6.8  2.19  36 

The  mean  magnitude  of  the  diminished  images  can  be 
found  by  adding  the  first  and  second  columns.  From  this 
table  of  observed  absorptions  it  has  been  assumed  that  the 
computed  effective  diminution  of  magnitude  due  to  the 
employment  of  the  screen  was  3M.l  for  a  star  of  the  third 
magnitude  and  2". 4  for  a  star  of  magnitude  6.S.  The 
effect  for  intermediate  magnitudes  has  been  interpolated 
from  these  values. 

The  effect  upon  time  of  transit  due  to  interposition  of 
the  screen  in  front  of  the  object-glass  was  determined  on 
ten  days  in  1899  as  follows  : 

Date  Nil  I  let.         Screen  effect. 


April    5 

20 

-0.0272 

10 

is 

-Q.0512 

June  26 

13 

-0.0302 

29 

9Q 

-0.0337 

30 

11 

-0.03  IS 

July  Id 

19 

-0.0262 

11' 

27 

-0.0456 

14 

25 

-0.0514 

IS 

41 

-O.dL' 71 

Aug.     1 

22 

-0.0315 

The  general  mean,  whether  by  nights  or  by  individual 
determinations,  is  —  0'.0356.  There  is  some  ground  for 
supposing  that  for  two,  or  three,  of  the  nights  the  personal 
equation  might  possibly  havebeen  larger  than  on  theother  ;. 
Thus,  on  July  14,  only  five  of  the  25  separate  determina- 
tions are  below  the  general  mean,  — 0*.036,  and  only  two 
of  these  (  +  0».008  and  +0'.031)  materially  so.     Subtracting 


the  general  mean  from  each  individual  determination,  the 
indiscriminate  mean  of  the  resulting  residuals  is  ±0".028, 
corresponding  to  the  probable  error  of  a  transit  over  one 
group  of  threads  (usually  eight)  of  ±  0B.015.  Most  of  the  ob- 
servations were  made  between  zenith-distances  60°  and  70°. 

From  the  foregoing  it  results  that  when  the  brightness 
of  the  telescopic  image  is  reduced  by  one  magnitude  the 
transit  is  registered  later  by  0".0141.  In  other  words  the 
relative  correction  to  the  transit  of  a  star,  one  magnitude 
fainter  than  another,  is  — 0B.0141.  The  corresponding 
correction  obtained  in  1878-1882  was  — 0!.0142  (Alb.  Zone- 
Catal.,  Int..  p.  17t.  This  agreement  would  be  remarkable, 
even  were  it  merely  a  question  of  persistence  under  identi- 
cal conditions  as  to  method  ;  but  it  seemed  to  me  still 
more  remarkable  (as  it  certainly  was  unexpected)  when  the 
fact  is  considered  that  between  the  two  series  the  habit  of 
the  observer  had  been  totally  altered,  in  the  hope  that  his 
magnitude-equation  might  be  reduced  to  an  insignificant 
quantity. 

For  the  practical  application  of  the  correction  it  is  prob- 
ably better  to  treat  the  absorption  of  the  screen  as  variable. 
"We  then  have  the  following  schedule  of  means  : 


No.  Det. 

12 
32 
10 

6 

12 


Effect  for 
one  mag. 


33 


-0.014 
-11.011 
-0.008 
-0.011 
-((.020 
-0.014 
-0.015 
-0.014 
-0.015 


Absorption    Ft.  Image 

3.10  5.0 

3.06  6.2 

2.90  6.9 

I'.Sl  7.3 

2.73  7.7 

2.64  8.1 

2.57  S.4 

57  2.51  8.7 

:;.->  2.44  9.0 

Discussing  this  determination  according  to  hypothesis  II, 
as  described  in  the  foregoing,  we  have  as  the  correction  of 
an  observed  transit, 

Ja  =  -08.0132  (M—l)  -08.00019(J/-4)2 

This  again  is  a  very  good  approximation  to  the  similar 
result  for  1879-1882.  This  is  clearly  illustrated  in  the 
following  comparison  of  corrections  : 

Mag.  1881  1899 

1.(1  0.000  0.000 

5.o  -o.oio  -o.oi. •; 

6.0  —0.022  —  0.027 

7.0  -0.036  -0.041 

8.6  -( 1.053  -0.056 

9.0  -0.073  -0.071 

10.0  -0.094  (-0.086) 

The  probable  errors  calculated  from  the  219  separate 
determinations  are  forxs ,  ±  0,.00039,  and  fur  n., ,  ±  08.00023. 

The  real  probable  errors  are  doubtless  materially  greater. 
Thus  the  value  of  y„  is  decidedly  less  than  its  probable 
error;  and  from  this  series  alone  it  would  be  impossible  to 
assert  anything  in   favor  of  the  hypothesis  that  the  ratio 
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of   the  effect    per   magnitude   increases  with   dimiu 
brightness  of  the  star.     The  present   experiment,  however, 
exhibit  this  effecl  in  relat  ion  to  i  erj 
faint  stars  since  m  only  12  instances  was  the  brightness  of 
the  diminished  image  estimated  to  be  fainter  than  9* 

in  nom  ■   9*. 3.     With  n  t  Ins 

point   in   1882  the  term  :  be  square  i 

magnitude-i  found  to  1"-  — 0".00116,    -  six  timi  - 

as  great  as  in  the  presenl  series. 

Considered  from  i  iew,  the  observations  of 

1899    i  i  my  mind  as  to  1  he  nat  ure  of  this 

persona]  equation  effect  in  my  own  case.     I  interpret  it  as 

meaning  that  no  important  part  "I  th [nation  is  due  to  the 

appan  the  focal  image  in  relation  to  the  transit- 

thread,  as   l   had    formerly  surmised   might    i"1    the   ca 
I      t  obsi    rations  by  the  eye-and-ear  method  may  al  o,  in 
nstances,  be  affected  in  the  same  way  as  for  chrono- 
graph eems  very  probable. 

rvers  hitherto  sc:  to   have    realized  the 

tance  of  this  magnitude-equation  relative  to  other 
important  .sources  of  error.  The  art  of  observation  has  so 
progressed  and  the  accumulation  of  observations  has  be- 
come so  gn  lystematic  uncertainty 
hither!                      red  are  emerging  to  view  with  increasing 


relative  importance.  There  is  now  no  particular  difficult} 
ermining  the  right-ascension  of  a  star  by  one  observa- 
:  with  an  apparent  probable  error  of  ±0'.025in  the 
strict  differential  sense.  This  degree  of  precision  lias 
already  been  surpassed  by  several  observers.  Through  a 
somewhat  extended  investigation  of  my  own  1  Find  it  tube 
a  rare  thing  that  the  deviation  of  the  calculated  meridian 

as   described    by  an\    g I    modern    instrument    is   as    much 

0'.02  i  8  distant  at  : 1 1 1 \  point  from  that  of  the  mean 
system  of  all.  With  onl\  lew  exceptions,  among  the  im- 
portant star-catalogues,  the  apparent  accuracy  of  modern 
meridian  observat  ions,  contrasted  with  the  prevailingopinion 
about  them,  is  very  reassuring.  If.  then,  the  personal 
equation  in  relation  to  star-magnitude  produces  a  common 
error  in  the  great  majority  of  modern  observations  of  as 
much  as  — 0\0J  i.l/—  1 1,  then  by  far  the  chief  uncertainty 
in  the  observed  right-ascensions  of  stars  fainter  than  the 
seventh  magnitude  arises  from  our  want  of  knowledge  as 
to  this  source  of  error. 

Obviously,  then,  the  determination  of  the  magnitude- 
equation  is  quite  as  important  as  the  observations  them- 
selves. Even  if,  in  order  to  be  satisfactory,  such  an  inves- 
tigation  must  consume  as  much  labor  as  the  position- 
observations  themselves,  it  must  be  regarded  as  labor  well 
and  economically  employed. 


OX   THE    LI  GUT- VARIATIONS   OF  7085«  SU  CYONI, 

By   PAUL  S.   YENDELL. 


In  A.J.  515,  p.  88,  mention  is  made-  of  a  mean  light-curve 

i  if  la  tZET. 
This  curve   was  made  by  me  in   February,   1901,  from 
the  observations  o  a  preparation 

for  a  reduction  and  discussion  of  these  observation 

to  the  examination  and   possible  improvement   ot 
the  star's  elements  of  variation. 

This  work  was  for  the  time  interrupted  at  the  completion 
of  the  mean  light-curve, and  was  not  resumed  until  the  end 
of  the  L901. 

At  tl  i ing  the  results  of  the  season's 

work,  the  curve  was  found  to  be  so  satisfactory  that  it 
seemed  not  worth  while  to  go  to  the  labor  of  repeat  ing  the 
work  •  rmation  for  the  sake  of  inci  .\  itb  it 

agre  list  of  observations  obtained  during 
the  autumn  of  L901 . 

The   curve  was   plotted    in    the   usual  way.  from    normals 

enty-four  groups  of  five  ob  •  ach,  and  the 

mean  departure  oi  from  the  curve 

The  range  of  variation  indicated  is  about  a  tenth  oi  a 
magnitude  greater  than  that  shown   by  the   Potsdam-curve, 
and  tii'            ion  o             crease  about  0d.20  greater.     This 
.  1902  Jan.  25.  


latter,  bowever,  is  aot  an  excessive  disagreement,  consider- 
ing the  flatness  and  uncertainty  of  the  star's  light-curve  at 
this  phase.  The  general  character  of  the  two  curves  is 
identical.     The  comparison-stars  used  were  as  follow  s : 


c 

•  in  i;  i  SON-St  \  BS    r<  IE 

7 

os.,„ 

SI   (  ',/'/„ 

i      (18 

55. ) 

KM. 

a 

8 

Light 

h  = 

•  30  ; 

,70b 

19  37   :' 

S.l          4 

30  19.9 

6.31 

15.0 

a   = 

28  ■' 

:i  17 

19  37 

1.0 

28  59.3 

6.76 

L0.9 

d  = 

28  •' 

U2 

19  31   -' 

1.1 

28  10.9 

7.16 

6.3 

c    = 

29°3710 

I1.)  :i7  :; 

i.S 

29  53.5 

7.  IS 

2.7 

b    = 

1  29  : 

,701' 

I'.i  36  2 

5.8 

29     9.2 

7.5( 

1.7 

l; 

EADINGS    FROM 

Mean  Light-Curve. 

F 

MA  S 

V    U,tA 

r 

M&K 

T-M&K 

o  0 

6.60 

6.57 

4  0.03 

2  •_> 

7.1  1 

7. -.'7 

+  0.17 

0.1 

6.625 

2.4 

7.47 

7.31 

+  0.10 

0.2 

6.70 

6.65 

+  6.05 

2.6 

7.  is 

7.34 

4  0.14 

(i.l 

6.84 

6.73 

+  0.11 

••  - 

7.49 

0.6 

6.95 

6.83 

+  0.12 

2.8 

7.  IS 

7.37 

+  0.11 

0.8 

7. HI 

6.89 

+  0.17, 

3.0 

7.10 

7.37 

+  0.09 

L.O 

:.i:; 

6.97 

+  0.10 

3.2 

7.40 

7.23 

+  H.17 

1.2 

7.20 

7.03 

+  0.17 

3.4 

7.26 

7.05 

t  0.21 

1.1 

7.L'b 

7. (is 

+  0.1S 

3.6 

6.91 

6.85 

+  0.06 

1.6 

7.:;i 

7.1  1 

+  0.17 

3.7 

0.71' 

l.s 

7.36 

7.  IS 

1  0.18 

3.8 

6.62 

6.63 

-0.01 

2.0 

7.m 

7.i'.-; 

+  0.17 
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NOTE     ON    THE     MAGNITUDE-EQUATION    IN    RIGHT-ASCENSION    FOR    THE 
CAMBRIDGE   A. G.  ZONE   AND   FOR   THE   RECENT   BONN   OBSERVATIONS. 

r.v   LEWIS   BOSS. 


Suppose  we  have  for  a  given  epoch  a  series  of  observed 
right-ascensions  which  can  be  regarded  as  free  from  per- 
sonal error  dependent  on  star-magnitude.  This  may  be 
employed  as  a  standard  of  comparison  for  the  purpose  of 
ascertaining  the  magnitude-equation  of  other  observed 
series  of  right-ascensions.  But  it  is  extremely  desirable, 
in  the  first  place,  that  the  general  systematic  difference 
between  the  catalogues  compared  should  be  known,  or  at 
least  that  those  terms  of  systematic  difference  which  are 
functions  of  a  and  8  should  be  known  with  accuracy. 

In  the  second  place,  if  the  two  catalogues  compared  are 
not  closely  contemporaneous,  the  neglect  of  proper  motion, 
or  even  the  use  of  systematically  imperfect  proper  motions, 
is  liable  seriously  to  impair  the  value  of  the  conclusions  if, 
indeed,  it  does  not  destroy  it.  Even  for  differences  of 
epoch  between  the  catalogues  compared  of  no  more  than 
ten  or  fifteen  years,  the  proper  motion  should  he  determined 
for  each  star,  and  especial  care  should  be  exercised  as  to 
its  accuracy  in  the  systematic  sense. 

For  the  sake  of  illustration  let  us  examine  the  results 
obtained  by  Professor  Turner  (M.N.  LX.  p.  .'!i  in  his  com- 
parison of  the  <  lambridge  <  Eng.  i  A..G.  Zone  with  the  Oxford 
photographs.  Professor  Tuknek  found  the  constants  of 
his  plates  by  reducing  the  Cambridge  zone-positions  to 
the  epoch  of  the  photographs.  He  says  (p.  5) :  "  Proper 
motions  have  been  applied  (taken  from  the  Greenwich 
Catalogue  1SS0.0)  for  the  interval  between  the  Cambridge 
and  Oxford  observations,  though  in  other  groups  P.M.  has 
been  treated  as  accidental  error."  From  inspection  of  his 
table  of  observed  differences,  Oxford— Camb.  (p.  4),  it  is 
evident  that  the  star-positions  from  his  plates  depend  es- 
sentially upon  the  computed  Cambridge  positions  of  stars 
between  the  eighth  and  tenth  magnitudes,  corresponding 
to  a  mean  of  about  9*.l.  To  what  extent  large  discrepan- 
cies were  rejected  in  the  derivation  of  plate  constants  does 
not  appear,  but  if  we  assume,  that  the  larger  ones  were 
rejected  then  the  right-ascensions  of  ninth  magnitude  stars 
from  the  photographs  require  a  systematic  correction  some- 


thing like  that  indicated    in    the  following  table.     If  the 
larger  discrepancies  were  not  rejected  then  the  corrections 
might  have  heen  somewhat  larger. 
R.A. 


H.A. 

h 

0 

3 

(i 
!) 


Corr'n. 

+0.003 
-0.003 

-0.013 
-0.024 


12 

is 
21 


Colin. 

-0*027 
-0.021 

-0.011 

o.ooo 


These  corrections  arise  from  two  sources.  Professor 
Tuknek  employed  Struve's  precessions  in  reducing  Cam- 
bridge  positions  from  about  1880  to  about  1895.  Steuve's 
precession  constant  is  almost  certainly  too  large.  The 
correction  to  Struve's  precession  which  I  have  derived  in 
a  discussion  published  in  A.J.  501  is  founded  upon  a  dis- 
cussion of  the  motions  of  about  6000  bright  stars,  dis- 
tributed over  both  hemispheres,  with  due  attention  to  the 
systematic  errors  of  the  catalogues.  While  this  discussion 
is  no  more  than  tentative,  1  think  that  the  resulting  cor- 
rection is  as  likely  to  be  too  small  as  it  is  to  he  too  large. 
I  have  therefore  assumed  that  for  the  interval  of  fifteen 
years  in  Professor  Turner's  reductions  the  correction  re- 
quired for  that  zone  on  account  of  precession  is, 

—  0".012    -0-.0026  sine: 
At  the  very  least  this  represents  a  probable  uncertainty. 

Alluding  to  his  neglect  of  proper  motions  in  reducing 
Cambridge  A.G.  (1880)  to  the  epoch  of  the  plates,  1895, 
Professor  Turner  says  (M.N.  LX,  p.  3-4)  :  "These  may 
be  regarded  as  accidental  errors  in  the  present  discussion, 
which  will  disappear  in  the  mean  of  a  number  of  stars." 
Unless  this  statement  is  surrounded  bj  several  qualifica- 
tions it  is  by  no  means  correct.  In  this  Journal  (No.  19(>) 
1  have  shown  that  after  we  discard  the  known  proper 
motions  greater  than  0".10,  even  for  the  faint  stars  around 
the  ninth  magnitude,  a  well  marked  parallactic  motion  can 
be  recognized,  that  is  to  say,  apparent  motion  of  the 
tars  due  to  the  Sim's  real  motion  in  space.  The  persis- 
tence ;ind  general  uniformity  of  this  motion,  even  among 
the  very  faint  stats,  does  not  seem  to  be  generally  recog- 
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ctor  in  con  putation,  though  attention  has 
called  to  it  by  several  astronomers.     It  may  be 
mated  that  the  average  motion  "i   ninth  magnitude  stars  is 
very  nearly  0*04.     The  general  conformity  of  these  with 
the  reflected  solar  motion  is  such  that,  if  one  takes  a 

:  ban  20°  from  the  equator,  it 
will  he  found  in  a  instance  thai  the  mean  of  all 

the  ii"'  tinctl]  southward.     With  few  exceptions 

20  stars,  or  less,  are  sufficient  to  show  this  effect.  At 
me  time  the  average  motion  in  right-ascension  "will 
ind  to  be  minus  near  l'_"'.  and  plus  around  0h.  For 
liis  fainter  stars,  by  his  method  of  reduction,  in  the  interval 
ol  about  fifteen  years,  Professor  Turner  has  thus  intro- 
duced an  error  which  requires  for  its  correction  (see  A.J.  501 . 
p   1 68  i  something  like 

'  0'.017  sin(«+85°) 
It   be  has  rejected  no  stars  for  discordance  this  correction 
might  be  appreciably  larger. 

Tlie.se  two  sources  of  error  combined  must  have  intro- 
duceda  i  error  intothe  Cambridge  right-ascensions 

reduced  to  1895  of  an  amount  which  has  been  approximated 
in  the  preceding  t 

I'.nt  if  we  assume  thai  the  stars  employed  in  Professor 
Ii  KNER's  table  (p.  It  are  in  all  classes  evenly  distributed 
over  the  limits  of  right-ascension  employed  (0h  to  24 
for  brighl  stars  ami  0'  to  1'-"  For  faint  stars)  then  the 
mean  parallactic  effecl  lor  all  the  classes  of  stars,  while 
varying  from  a  maximum  of  plus  values  near  0h  to  a  maxi- 
mum of  minus  values  near  I2h,  might  lie  very  nearly  zero 
ill  the  mean. 

But,   if  it  should  happen  that  in    Professor  Turner's 
for  taint  stars  (0h  to  12h)  the  distribution  of  stars  in 
any  cla  ry  symmetrical  as  to  6h  of  right-ascension, 

then  tie-  parallac  might  become  sensibly  differenl 

in  its  application,  and  more  important  for  the  group  ueai 
7". 'I  than  for  those  near  9*.0. 

I  re  is  always  the  chance  of  encountering  an  extensive 
group  of  non-conformable  proper  motions  (perhaps  a  com- 
munity of  motam- 1  like  the  one  in  Taurus.  Though,  per- 
haps, the  tear  of  a  serious  mean  effect  from  this  source  is 

*  While   it    is  mil   :i   part    of  the   present    purpose  to  follow  out   the 

ii  bnek's  procedure  in  the  declinations  which 

form  the  hasis  of  his  plate  constants,  it   may  lie  of  interest  i i,- 

that,  reasoning  in  a  manner  entirely  analogous  to  thai  which  has 

Pern  employed  in  reference  to  the  ri'_'lil  ascensions,  his  computed 
declinations,  ami  consequently  the  declinations  derived  from  his 
plates,  require,  in  addition  to  the  systematic  correction  ol  Cambridge 

\.i,.    Ei  on  for    precession    ami    parallactic 

motion  of  about 

— 0".25  +0*.ll  sin  (a  +5°)  —  0".0S  cosa 
so  that  tin-  total  correction  would  range  between      0'.12  :it  B*  and 
— 0'.38  at  20h.     Hut  corrections  for  individual  plates  founded  mi  a 
small   Dumber  of  stars  might    vary   materially   from   those  given    by 

the  formula,  owing  to  possible  groups  of  stars  having  uon-conform 
able  proper  motions,     it  will  be  necessarj  bereaftei  to  determine  the 

peculiar  error  of  each   plate  by  means  of  stars  whose  positions  and 

motions  can  he  well  determined. 


not  very  great,  still  an  uncertainty  remains  which  is  calcu- 
lated to  impair  confidence  in  conclusions  drawn  under  such 
circumstances. 

These  facts  are  calculated  to  raise  a  very  tangible  doubt 
as  to  whether  Professor  Ti  RNER's  table  (p.  I  I  may  not 
still  contain  a  material  residuum  of  effect  due  to  parallac- 
tic   lion  of  the  stars  not  eliminated,  as  well  as  to  irregu- 
larities of  the  proper  motions. 

For  some  of  the  brighter  stars  Professor  Turner  em- 
ployed  proper  motions  in  reducing  from  1880  to  l.S'.hY  If 
his  remark  (p.  5)  means  that,  he  applied  all  the  proper 
motions  that  could  have  been  taken  from  (ireetiwich  IN.Nii, 
then  an  anomaly  has  been  introduced  into  till  the  means  of 
the  brighter  slars  down  to  7M.0.  The  proper  motions  in 
question  are  those  of  AuWERS  Bkaiu.kv.  The  correct  ion 
required  to  reduce  these  to  conformity  with  Newcomb-s 
Equinox  is  about  ■+  0*.0008.  A  motion  of  the  equinox,  like 
Ni:wc  omi-.'s,  founded  on  or  representing  all  the  best  meridian 
determinations,  is  so  obviously  superior  to  one  based  on 
Bradley  and  Greenwich  1860  alone,  that  it  appears  to 
leave  no  excuse  for  wasting  time  and  space  upon  a  discus- 
sion of  the  question.  Newcomb's  Equinox  should  he  the 
system  of  reference  until  a  better  may  be  provided. 

The  result  then  is  that  where  Professor  Turner  has 
applied  proper  motions,  his  right-ascensions  for  1895  re- 
quire a  further  correction  of  about  +08.012.  Tims  to 
make  his  system  of  brighter  stars  reduced  with  proper 
motions  conformable  to  his  basic  system  of  faint  stars  the 
former  should  receive  corrections  amounting  to  — 0'.024 
in  the  mean,  assuming  uniform  distribution  in  right- 
ascension.  That  is  to  say,  to  the  foregoing  correction  of 
the  right-ascensions  of  faint  stars, 

-08.012  _<)s.0026sin«  +  O.017  sin(a  +  85°) 
should  be  added  — 0'.012,  the  whole  to  represent  a  cor- 
rection for  the  systematic  relative  difference  between  the 
Cambridge  right-ascensions  reduced  to  1895  with  proper 
motions,  and  those  of  faint  stars  reduced  without  proper 
mot  ions.  For  the  first  three  groups  of  Professor  Turner's 
table  this  correction  (  — 0".O24)  applies  in  full  force.  For 
the  later  groups  1  have  assu 1  that  it  applies  in  a  dimin- 
ishing ratio  according  to  the  proportion  of  stars  having 
adopted  proper  motion.  Correcting  and  condensing  into 
groups  I  find  for 

(  (XFORD  — C  IMBRIDGE  A.G. 
Magn.  •%.•%  Corr'n. 

3.6  20  +(U20 

5.9  156  +0.100 

7.0  467  +0.085 

8.0  lo7(i  +0.060 

O.o  3227  -0.015 

:!.7  138  -O.oc,.-. 

As  a  matter  of  curiosity  I  have  roughly  plotted  the 
curve  of  correction  resulting  from  the  preceding  table  ;  and 
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while  there  is  much  room  for  difference  of  judgement,  so 
that  no  claim  for  exact  numerical  accuracy  in  behalf  of  the 
practical  application  of  the  assumptions  which  underlie 
this  revision  can  be  made,  there  cannot  be  much  doubt  as 
to  whether  this  revision  is  a  move  in  the  right  direction. 
The  following  table  exhibits  the  readings  from  the  curve 
of  correction  reduced  to  the  standard  of  4".0. 

Correction  to  Cambridge  AG..  R.A. 


Magn. 
1 


Corr'n. 

[  +  0.012] 
[  +  0.010] 

+  0.006 
+0.000 

-0.009 


Magn. 

6 

8 

9 

10 


(  urr'n. 

-o!o2i 

—  O.Olo 
-0.071 
-0.116 
-0.182 


The  Cambridge  observations  of  transits  were  all  made 
by  the  method  of  eye-and-ear,  and  while  the  corrections 
which  have  just  been  deduced  for  the  Cambridge  right- 
ascensions  are  still  open  to  possible  and  material  modifi- 
cations which  might  make  the  variation  of  the  corrections 
between  the  first  and  eighth  magnitudes  less  than  I  have 
made  it,  or  even  a  vanishing  quantity,  yet  it  seems  to  me 
that  those  right-ascensions  are  very  probably  subject  to 
material  corrections  for  personality  dependent  on  magni- 
tude of  a  nature  and  amount  similar  to  that  which  is  found 
in  the  chronographic  registry  of  transits.  It  has  long  been 
suspected  that,  whatever  may  be  the  case  as  to  the  brighter 
stars,  eye-and-ear  observations  of  the  transits  of  very  faint 
stars  are  peculiarly  liable  to  errors  of  personality  of  a 
serious  amount,  and  Professor  Turner's  discussion  must 
be  welcomed  as  a  very  satisfactory  contribution  to  our 
knowledge  upon  this  branch  of  the  subject. 

It  will  be  noticed  that  from  magnitudes  3*. 6  to  8M.0  the 
mean  observed  rate  of  change  in  the  equation  is  about 
— 08.014.  approximately  the  same  as  that  which  has  been 
found  elsewhere  in  many  of  the  experiments  made  through 
the  use  of  screens.  That  the  rate  may  be  really  quite 
different  from  this  for  some  observers  by  the  eye-and-ear 
method  there  is  abundant  evidence. 

It  may  not  be  without  interest  to  observe  that  the  results 
of  the  present  discussion  indicate  that  right-ascensions  de- 
rived from  the  Oxford  plates  require  approximately  the 
following  corrections  to  reduce  them  to  the  system  of 
fourth  magnitude  stars  of  Auwers  and  Newcomb  respec- 
tively. In  constructing  this  table  I  assume  that  the  funda- 
mental right-ascensions  of  Auwers  are  systematically 
smaller  by  0».012  in  1895  than  in  1880. 


Systematic  Correction  in  It. A.,  Oxford. 
A— O  N,—  O  R.A.  A  — O 


N,  —  O 


0 

-0.119 

—0.092 

12 

-0.149 

-0.122 

3 

-0.125 

-0.098 

15 

-0.1  13 

-0.116 

6 

-0.135 

—0.108 

18 

-0.133 

-0.106 

9 

-0.146 

-0.119 

21 

-0.122 

-0.095 

But  in  order  to  make  visual  observations,  near  the  epoch 
1S95.  comparable  with  right-ascensions  from  the  Oxford 
plates  the  former  must  first  be  corrected  for  magnitude- 
equation. 

Referring  now  to  Professor  Turner's  paper  in  the 
Monthly  Notices,  (Vol.  LXII,  p.  :;.  Nov.,  1901  |,  which  pre- 
sents the  results  of  a  comparison  of  the  Oxford  photographic 
right-ascension  with  Dr.  Ki  stner's  Bonn  observations  it  is 
found  from  indirect  comparison  (367  stars  in  Bonn)  that 
for  the  mean  magnitude  8". 8,  the  difference,  Oxford—  Bonn, 
is  +05.l.'!li.  But  this  result  is  subject  to  many  of  the  un- 
certainties which  I  have  pointed  out  as  affecting  the  deri- 
vation of  the  magnitude-equation  of  Cambridge,  A.G.,  which 
need  not  be  recapitulated. 

Since  Kustner's  positions  depend  upon  the  Fundamental 
System  of  Auwers,  we  presumably  have,  A.  —Bonn  =  o\ooo  ; 
though  it  does  not  follow  that  such  is  exactly  the  case.  As 
shown  above  we  have  A  —  Oxford  =  —0.134  —/(«).  There- 
fore we  have  for  the  difference  of  systems  of  right-ascension 
(corresponding,  say,  to  4M.0), 

Oxford-Bonn  =  +  0M34 +/(«)* 

Subtracting  this   from    the   difference   which    Professor 
Turner  finds  (  +  0".136)  for  mean  magnitude  8M.8  we  have 
Oxford  (corr'd  for  syst.  diff.)— Bonn  =  +0S.002 

But  if  we  include  only  stars  down  to  the  ninth  magnitude 
we  shall  have 

Oxford  -Bonn  (8*3)  =  +0*129 

and  Oxford  (corr'd)   —Bonn  (8.3)  =  —0.005 

The  natural  conclusion  would  be  that  Dr.  Kistner's 
magnitude-equation  is  very  near  zero.  In  dealing  with 
small  systematic  differences,  however,  we  must  always 
bear  in  mind  that  the  errors  in  such  calculations  may  be 
cumulative;  and  especially  does  it  not  rigorously  follow 
for  a  zone  of  stars  determined  at  a  given  observatory  that 
the  general  system  of  the  observed  positions  is  identical 
with  that  of  the  fundamental  catalogue  ;  although  when 
proper  precautions  have  been  taken,  the  difference  between 
the  assumed  and  observed  systems  should  be  unimportant. 
Remembering,  also,  the  uncertainty  of  Professor  Turner's 
indirect  comparison,  Oxford  — Bonn,  in  view  of  all  the 
facts  I  should  incline  to  the  opinion  that  the  most  probable 
value  of  Dr.  Kustner's  magnitude-equation  is  zero,  but 
that  it  may  be  anywhere  from  — 05.007  (J/  — 4)  to  +0".007 
(M —  4)  without  being  inconsistent  with  the  known  facts, 
and  under  the  assumption  that  the  right-ascensions  from 
the  Oxford  photographs  are  free  from  error  having  stellar 
magnitude  as  the  argument. 

*  In  this  connection  it  would  l>e  interesting  to  have  a  direct  com- 
parison,  Oxford  —  Bonn,  arranged  in  order  of  right-ascension.  The 
number  of  stars  would  probably  be  great  enough  to  decide  whether 
there  is  an  inequality  in  the  order  of  right-ascension  comparable 
with  that  which  I  have  predicted  in  the  preceding  table. 
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OBSERVATIONS  OF   MINOR    PLANETS, 

MAD]      M     I  II  l     \   ISS  \  I:    1  '.  l     OBS1  i;\   \  roBi . 

Hv   MAR'S    \v.   Will  I'M  1     \m.  '  PROLINE  E.   FURNESS. 


1901  Greenwich  M.T. 

* 

i  .■in],. 

la 

./S 

App.  a                App.  o 

lOgpA. 

Red.  n, 

\,,|,.  PL 

Jan.   26 

b      in 

If,       1 

16 

1 

10,6 

-3 

51.4.6 

(337) 

-  s  lie, 

Deoosa.1 

9"  17.'"   sjl 

+-26  7,7 

33.0 

«9.334    o.iol     +'Sj\s 

-15.9 

29 

1.-.   13 

s 

■> 

10.. st 

-0 

1.90 

+  10    17.ii 

9  11    H.38 

+  27      1 

15.3 

,/9.l7.2     0,139      f2.74 

15.6 

Feb.     6 

1.-,    in 

52 

3 

S.Si 

+  0 

25.33 

+  6    :;.7 

9     2    I. -..7.0 

+  27     5 

30.5 

«9.177    0.370    +2.85 

1  l.s 

7 

i:.  32 

.... 

3 

17..  Id 

-0 

43.25 

+   5  39.7 

9     1     6.92 

+  27     5 

12.6 

»9.197     0.371     +2.85 

-14.7 

S 

L2  58 

12 

3 

10,8 

-1 

44.43 

+   5     8.0 

9      0      7,.74 

+  27     4 

110 

»9.(il.",    0.517     +2.S.V 

-14.6 

Feb.    11' 

17.    17 

16 

1 

1  o .  s 

+  1 

9.67 

(372)   facma.' 
+   4  57.2    11   11  52.20  1  -  3  53 

26.31  //9.530  i  0.7S7     +2.51 

-15.5 

19 

Hi     2 

4 

5 

10,6 

-1 

27.10 

+  2  11.1     11      1  53.25     -    1   16 
(451)   Patie-ntia.1 

25.3  |  "9.317  :  0.797  |  +2.03 

-  16.6 

Feb.   12 

16  :•! 

58 

G 

10  .  s 

-1 

23.58 

+   2  24.7 

11   37  24.71  1  +24  39 

57.9 

«9.490  1  0.504 

+  2.40 

-19.5 

19 

17     6 

3 

7 

10,6 

+  0 

.-.:;. :;<; 

+  5     7.2 

11    33     0.50  !   +27>  3(1 

56.6 

"9.247  j  0.417 

+  2.5S 

-19.4 

•>.) 

is     3 

52 

8 

10,8 

-1 

26.20 

+   2  30.2 

11    30  51.50     +26     0 

3.6 

w8.43S  1  0.374 

+  2.01 

-19.2 

(196)   Philomela.1 

Apr.    12 

1  l  .V, 

10 

9 

7.  St 

+  0 

6.20 

+  8  28.6    12  29  27.82     +    7     3 

54.9  1  »9.110  1  0.702  1  +2.80 

-17.1 

17 

17.    12 

6 

10 

10,8 

+  1 

56.91 

-   9  42.1  ,  12  26     2.71     +    7  14 
1 .".  17, ,    Tercidina.1 

40.7  1    7.725    0.690  |  +2.83 

-10.7 

A,.-.  27 

16  29 

9 

11 

6,8t 

+  0 

8.99 

+  0  27.9  |  12     3  41.65     -  5     6 
(247)   Eukrate.1 

9.3      9.317  |  0.S03  i  +2.84 

-19.2 

Sepl   25 

13  -i 

26 

12 

9    '.•• 

-0 

23.92 

+  3     4.6 

2.",  7.C,   12.26  1—0     1 

37.4|«9.496    0.768 

+  4.26 

+  27.S 

Oct.      1 

14   13 

35 

13 

1  .  l- 

-3 

10.7,7 

-  8  11.:: 

23    IS  21.78  1  +  0  3  1 

13.3    »9.309 

0.663 

+  4.20 

+  2S.0 

:; 

16     0 

•> 

1  1  • 

9  ,9* 

-1 

43.51 

-   9  27.1 

23  45  33.23    +  0  47 

50.7  !    8.161 

0.700 

+4.27 

+  2S.3 

7 

16  33 

35 

15 

11,11* 

-0 

29.21 

+   6  7.0..", 

23    lo  18.63     +    1    14 

40.7      9.073 

0.757 

+  1.27 

+  28.6 

(325)    He-ldelberga}- 

17  37 

39 

16 

l  .  1 

-0 

1.03 

-   4  43.<i  |    1     .",     0.70  |  +11   .",1 

31.3 

8.937  1  0.606 

+  4.5S 

+  25.3 

s 

15  20 

.Vi 

16 

—  (i 

46.94 

-    0   37..1        1      2    14. Si)     +1  1    29 

39.9 

"9.251      0.617 

+4.59 

+  25.1 

9 

1  1    16 

19 

17 

n  i.e. 

+  0 

13.79 

0     o.o 

1      1   24.30 

+  11   27 

33.6 

"9.37.1     0.626 

+4.58  +25.6 

in 

1  t     0 

25 

17 

S.Si 

-0 

.•i.e.-, 

—    2      2.2 

1     0  36.86 

+  14  25 

31.5 

»9.ic,r,    or,  n 

t  1.58 

1  25.7 

15 

13  37 

36 

18 

10,6 

+  i) 

r.1.1  1 

-   7.  24.7 

(i  56  22.55 

+  1  1   13 

30.7, 

»9.J03      0.0  Mi 

+  1.5S 

+  26.3  ! 

'Comparisons  made  with  Square-Bar  Micrometer, 
lervations  bv  Caroline  K.  Furness. 


Ju  measured  directly. 
-  By  Mary  W.  H'nirstv. 


Mean    Places 

of  Comparison- Stars  for  the  beginning  <>t 

tin 

ifi  ar. 

* 

a 

8 

Authority 

* 

8 

Authority 

1 

9    is' 57 .1 9 

+27     6  30.5 

Camb  i  Eng  iA.G.  1941 

10 

12  24     2.94 

+    7   21 

I.YS 

Leipzig  11.  A. <  1.0138 

•> 

9  11    10.54 

+26  51    13.9 

4892 

11 

L2     3  29.82 

-   5   12 

18.0 

'.[  Munich  I  +  Munichlt] 

3 

9      1     17.32 

+26  7,9    17. <; 

1830 

12 

23  7,7     1.92 

-   0     8 

9.S 

NlcolajeTi  A.  G.  5942 

4 

11    lo   10.02 

-   3  58     s.o 

Weisse  1  11 

13 

23  7,1   28.09 

+   oil 

56.6 

"     5920 

5 

11     6  17.72 

l    is  19.8 

£[Weisse  I  +  Munich  I 

1  1 

23   17   12.47 

+   0  50 

49.5 

<<     590  1 

6 

11  38   15  89 

+24   37   5l'.7 

r.    \  <;.  1346 

15 

23   10   13.57 

+    1      7 

21.8 

••       5SSS 

7 

11  32     l  56 

+25  3:'     s.s 

Camb.(Eng.)  \.<i.  5816 

16 

1      2   57.15 

+  14  35 

19.0 

Leipzig  I,  A.G.  303 

- 

11   32   15.09 

+25  57  52.6 

«         ••         ••     5818 

17 

1     0  35.93 

+  14  27 

8.0 

«     289 

9 

12  29  is. 70 

4-  c,  55   13.4 

■  ii.  a  i;  0109 

18 

0  55  20.83 

4-11    is 

28.9 

"     261 
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NOTE   ON   CHAUYEXETS   THEORY   OF   SOLAR   ECLIPSES, 

By  WILHELM    AUHAGEN. 


As  modifications  to  well  established  formulas  should  be 
made  wherever  justified  by  the  attainment  of  greater  accu- 
racy and  facility  of  computation,  I  venture  to  call  attention 
to  the  expression  which  Chauvenet  assigns  to  the  quan- 
tity £,  (see  page  458  of  Part  I,  Chauvenet's  "  Spherical 
and  Practical  Astronomy  *'),  a  quantity  which  is  of  the 
utmost  importance  in  Chauvenet's  method  of  treating 
solar  eclipses.  Now,  in  the  first  place,  even  adopting 
Chauvenet's  suggestion  of  neglecting  quantities  of  the 
order  of  i2,  I  fail  to  see  why 

£,  =   ±  [cos/3  —  i  sin/3  cos(Q  —  y)] 
whereas  it  should  read 

£,  =  ±  cos/S- 
unless we  must  be  forced  to  assume  an  expression  such  as 
Chauvenet  finally  arrives  at  (505)  p.  459,  and  which  he 
again  finds  it  necessary  to  improve  if  a  higher  degree  of 
accuracy  be  required  (509)  p.  460 ;  but  in  all  his  develop- 
ments the  quantity  /£,  cos  Q  has  been  substituted  for  the 
it,  cos  Q 

1  ■  p,     in  most  cases  is  by  no 


sin/3  cos((>  —  y) 


quantity 


where     1 


means  =  unity. 

I  propose  now  to  shew  that  with  scarcely  more  numerical 
work  the  quantity  £,  may  be  computed  directly  and  with 
absolute  rigor. 

The  formulae  (499)  p.  458,  give 


or  by  (502) 


- 1 /-/£,)  sin^+K - 


(*-»'&) 


cosy 


COSy 


(1)      Put 

(2) 


„„  /  cosO~l 
;iiiysiny4-  .  ^  =  COS2/? 

COS  y  COS<2 


siny  sin  Q  + 


Pi 


.    ,        cos20 

sm-^  H =  A- 

Pi 


then,  if  we  put 


eotg  ju  = 


:tg/J 


it  is  easy  to  show  that  the  two  values  of  £,  are 

COS/3tg£/*  COS/3cotgAp. 


in: 


(3) 


Vl  +  i 


or  £  = 


Vl+^¥ 


/3  may  always  be  taken  in  the  first  quadrant,  therefore 
confining  p.  to  the  first  or  second  quadrant  as  k^O,  we 
have  fj,  an  acute  angle,  and  since  £,  must  always  be  >0. 
we  have  for  all  cases 

cos/3tg£/x 

or,  still  simpler,  since     Vl-H2!2    differs  from  unity  by  two 
units  in  the  5th  decimal  at  most, 

f ,  =  cos  fi  .  tg  \  ix,     where     cotg  p.  =  i .  K .  tg  /? 

so  that  k"  need  not  at  all  be  computed.     The  quantity  k  is 
readily  computed  by  putting 

Pi  tg  y  =  tg  « 

,,          „                                    COSy  COS(0  —  u) 
therefore  k  =  - — - 


p]  cos  a 

If  we  do  not  hesitate  to  put    X2 
i£,  cos  Q 


(5) 

(6) 


stead  of 

put 


1     and     /£j  cos  Q    in- 
it   will  readily  be   seen   that  we  should 


C0S(<;>  —  y)  .  tg/3 


Vi+i2 
=  sin/,  cos(#-y)  .tg/3 

where/is  the  angle  of  the  penumbra]  cone  ;  and  then  finally 

£,  =  cos./',  cos/3,  tgip. 
or  £,  =  cos  (i .  tg  \  ,x 

since  cos/ differs  imperceptibly  from  unity. 

These    formulas    allow    of    easy    numerical    application 

wherever  (,)  is  directly  given,  and  offer  no  great  difficulties 

where,  as  in  the  case  of  the  northern  and  southern  limits,  a 

value  of   Q  must  first  be  established  by  an  indirect  process. 

Washington,  D.C.,  1902  February  1. 


THE    COXSTAXT    OF    ABERRATION    FROM    THE     SAN    FKANCISCO    AND 
WAIKIKI    OBSERVATIONS    OF    1891-92, 

By  s.  C.  CHANDLER; 


In  Bulletins  28  and  32  of  the  U.S.  Coast  Survey,  Mr.  E. 
1>.  I'ueston  has  given  values  of  the  aberration-constant, 
computed  by  methods  proposed  by  Prof.  Newcomb,  from 
the  observations  in  1891-92  as  follows  : 


San  Francisco.  Davidson  observer, 
Waikiki,  Preston  observer, 


20.482 
20.433 


An  examination  of  these  discussions  has  led  me  reluc- 
fcantbj  t..  the  (•(inclusion  thai  the  results  given  are  unaccept- 
able on  account  of  defects  in  the  processes  by  which  fchej 
were  found.  My  objections  relate  to  the  form  of  equation 
of  condition  employed  in  the  solution  and  t lie  methods  of 
eliminating  the   variation  of  latitude,   which   were   differ 
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ent  in  ases.     1  will  state  them  as  briefly  as  pos- 

id  was  of  the  Eorm 

\  </8  +  (<jp-g>0)-  Adk  =  n 

where  </&  is  the  correction  of  the  assumed  declination  of  a 

pair   includii  '    assumed   mean    latitude,  (q     q>0) 

variation    oi    latitude,  A    the    aberration-factor,  dk 

irrection    of   the    assumed    aberration-constant,   and 

the  observed    latitude  for  each  ob:  ej  i  a 

tion    over    an    assumed    mean    latitude.      The    value    of 

nj_,jo)   was   assumed    as   known,  having   been  found  by 

s.  hott  from  the  same  observations  as  follows: 


Q 


■  q    =  -0".172cos(/  -2411623)  0°.&4 

-0".074  cos(0-169°.5) 


This  was  subtracted  from  eq.(A);  d&  and  dk  were  then 
found  from  the  equations  for  each  pair,  and  the  results  of 
(//.•  combined. 

To  show  the  incorrectness  of  this  method  it  will  be 
necessary  to  revert  to  the  expression  for  aberration-reduc- 
tion from  mean  to  apparent  declination,  or 

0  •  sin  t  cos  8  —  cost  sin  8  sin  a)  —  I;  sin©  sin  8  cos« 

Put  S  =  or-f  ,     8^=^(3,+ 8,), 

«o  =  i  («s  +  ni)     >      T  =  i  ("2  ~  «i) 
where  the  subscripts  1  and  2  denote  the  south  and  north 
stars  of  a  pair. 

Also  put         tn  =  sine  eosg     ,     n  =  cose  sing 
Then  we  have,  rigorously, 
—  k  cos£[>«  cos©  — cost  (ra  sin  «0  cos©  —  cos  u0  sin©  sin  q  )] 

For  our  present  purpose  cos£  and  cost  can  be  taken 
=  1.    Also  we  take  T  —  «0  — ©  ;    then  the  above  becomes 

k\n  sin  T—  m  cos  ©  + 

sinqi(cose  —  1)  (\  sin  2©  cos  7'— sin-'  ©sin  Z7)] 

three  terms  the  last  is  quite  small  relatively  to  the 
others,  since  sin qi  (cose— 1)  is  not  over  —0.05  for  usual 
latitudes.  Heuce  for  our  present  purpose  we  can  write 
simply  .  with  i  oision, 

(C)  /••(«  sin  T—m  cos  ©) 

T  being    very   nearly  the   mean   or  apparent    solar  tunc   of 
culminal 

For  S;m  Francisco  and  Waikiki  (q  =37°  17'  ami  21°  16') 
this  gives,  nearly  enough  for  our  demonstration, 

<      San  Fr.  :      Ak  =  fe|  +-0.562  sinT-0.315  cos©) 
1  "'  ,       Waikiki  :  fc(+0.333  sin  7-0.371  cos©; 

the  detern    i  B)  f rom  the  observations  will 

necessarily  be  affected  by  error  in  the  value  of  k  used  in 
the  reductions.     Even  if  the  observations  be  symmetrically 

distributed  with  reference  t idnight,  so  thai  the  term  in 

Tofeq.(D)  will  not  affect  the  observed  constants  of  the 
variation  of  latitude,  the  terra   in   ©   will  remain.     Tims. 


i  in  pie.  the  true  value  of  the  annual  term  in  i  B)  will 

be  in  this  case. 

-0".07l  cos(0-169°.5)+0.315  dk  cos© 
[hat    i  .   if    '//.         •  0".10,    for  example,  the  annual  term 
oughl  to  be 

-0".105  cos(©-172°.7) 

Thus,  bj  the  use  made  of  (B)  in  the  method  described,  a 
portion  of  the  aberration  is  really  taken  out.  of  tlic  abso- 
lute  terms  in  eq   (A);  and  what  remains  consequently  does 

nd   to  the    aberration-factors,   A,   used    in   the 
equations  of  condition,  even  in  the  most  distant  way. 

Any  solution  for  alienation  thus  made,  therefore,  is  in- 
correct. Under  the  actual  condition  of  things  I  am  of 
opinion  that  the  deduced  value  in  this  ease  (20".4S2)  is 
spurious,  and  probably  bears  no  relation  to  what  a  correct 
method  would  have  given.  1  will  only  add  that  it  is  mani- 
fest merely  from  an  inspection  of  the  values  given  by  the 
eight  groups  (see  p.  119,  Bull.  32),  that  there  is  present  a 
systematic  error  dependent  on  right-ascension,  or  date  of 
observation,  very  like  what  might  be  expected  from  the 
error  of  method  just  pointed  out.  The  values  in  question 
range  from  20". 42  to  20".85.  Their  weights  are  very  un- 
equal. Any  systematic  error  of  this  sort  is  more  likely  to 
be  eliminated  in  the  brute  mean,  which  is  20".58,  than  in 
the  weighted  mean,  20".48  adopted  by  Mr.  Preston;  so 
that  1  am  inclined  to  anticipate  that  a  correct  solution 
would  materially  increase  the  result  for  the  aberration  now 
assigned  for  this  series. 

For  Waikiki  the  method  used  was  somewhat  different, 
but  I  am  constrained  to  think  it  is  equally  at  fault.  The 
form  of  (q  —q0)  was  in  this  case  assumed  as 

(/  —  </0  =  x  cos  N  +  y  sin  N  (E) 

and  x  and  y  were  treated  as  unknown  together  with  dh  and 
dk.  But  the  harmonic  curve  of  the  form  of  (B)  which  cor- 
rectly represents  this  function  can  be  only  approximately 
represented  by  the  form  (E)  even  for  the  short  interval 
embraced  by  these  observations ;  and  the  effect  of  the  dif- 
ferences between  the  two  will  be  distributed  in  the  numeri- 
cal solutions  between  the  deduced  values  of  </&  and  dk,  aud 
indeed  be  magnified  in  their  effect  on  dk  by  the  smallness 
of  the  aberration-coefficients  (shown  in  eq.  (I)))  for  this 
series.  It  is  not  easy  to  specify  in  this  case  the  character 
of  the  error  thus  spuriously  imposed  on  the  deduced 
aberration-constant,  from  lack  of  details  regarding  the  dis- 
tribution of  the  observations.  But  such  tests  as  1  have 
been  able  to  apply  convince  me  that  it  is  probabl]  as  un- 
trustworthy as  that  for  the  San  Francisco  series. 

It  seems  to  me  that  a  redetermination  of  the  aberration 
from  both  of   these  series  is  desirable,  without  making  any 

assumption  as  to  the  latitude-variation:  eliminating  il  by 

use  of  approximately  simultaneous  dates,  as  is  usually  done 
in  such  invest  igat ions. 
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A    MAY  ANNUAL   TERM   IN    TIIL  VARIATION  OF  LATITUDE,  INDEPENDENT 
OF   THE   COMPONENTS   OF   THE   POLE'S   MOTION, 

Bt  II.   KIMUEA. 
On    reading    Prof.  Adbkecht's    report    in    A.N.  3734,   I 

noticed  that  the  residuals  of  observations  at  some  stations 


have  certain  periodicities,  and  I  suspected  that  this  fact 
might  be  caused  by  something  like  the  change  of  the 
direction  of  the  plumb  line,  common  to  all  the  stations 
presently  referred  to.  I  therefore  recalculated*  the  co- 
ordinates of  the  instantaneous  pole,  based  upon  the  mate- 
rialsf  given  in  his  paper,  pp.  211-212,  with  the  assumption, 

qf  —  c(a  =  £  +  .<•  cos  A.  +  y  sin  A 

where  £  is  variable  with  respect  to  time,  but  at  any  par- 
ticular instant  has  a  constant  value  for  all  the  stations 
referred  to.  The  results  of  £,  x,  and  y  thus  calculated  are 
as  follows  : 


.'/ 


1S99.8 
.9 


-0.003 

+  0.018 


+  0.024 

+  0.042 


+  0.124) 
+  0.082  I" 


/-.- 


V.2'i 


.99   +.02 

1900 

.06       .00 
.12   —.03 


Tsehardjui 

ism  « 

.78  +.ol 
.88  -.04 
-.OS 


.IS 
.26 
.32 
.41 
.48 
.56 
.07 
.78 
.88 
.98 


.00 

.00 
-.02 
+  .01 
-.01 

.00 
-.01 

.00 
+  .05 
-.04 


.or, 

1900 

.05 
.11 
.10 
.25 
.32 
.40 
.48 
.57 
.67 
.78 
.90 
.97 


Carloforte 

1899  » 

+  .02 

+  .01 
-.02 


+  .03 

+  .02 
-.02 
-.08 
-.07 
-.02 
+  .02 
+  .05 
+  .01 
+  .02 
+  .05 
+  .10 


.82 

.89 

.98 

1900 

.or, 
.12 
.19 
.25 
.32 
.40 
.48 
.57 
.68 
.78 
.89 
.97 


+  .02 
+  .01 

—  .02 

.00 
-.01 

-  .05 
-.01 

.00 

.00 

.00 

-.01 

+  .02 


.80 

.so 

.OS 
1900 

.11.", 
.12 
.19 
.26 
.32 
.40 
.48 
.57 
.68 
.79 
.88 
.97 


-.04 
-.03 

-.02 

.00 
-.04 

.00 

-.01 
+  .04 
+  .05 
+  .03 
+  .02 

.00 
-.01 

.00 
+  .02 


1.8S      3.09 

Cincinnati 

1899  'I 

.78  -.02 
.88  -.03 
.97   -.03 


P, 


.06 
.12 
.19 
.25 
..').'! 
.40 
.49 
.56 
.66 
.78 
.88 
.97 


.00 
+  .02 
+  .04 
-.01 

.00 
+  .02 
+  .ol 
+  .02 
-.02 
+  .K2 
+  .06 
-.(.'2 


From  these  the  following  mean  deviations  of  observa- 
tions were  formed,  and  for  comparison  those  of  Prof. 
Albrecht  (without  £)  are  arranged  on  the  right. 

Mean  Deviations  of  Observations. 
With  £  Without  £ 


Mizusawa 

±0.022 

±0.041 

Tsehardjui 

±  0.050 

±0.051 

Carloforte 

±0.018 

±0.028 

Gaithersburg 

±0.020 

±0.024 

Cincinnati 

±0.026 

±0.028 

Ukiah 

±0.041 

±0.07,1 

Tokyo 

±0.038 

±0.042 

Kasan 

±0.063 

±0.071 

Leiden 

±0.033 

±0.031    ' 

Philadelphia 

±0.045 

±0.050 

*  With  the  same  weights  of  observations  as 
t  Beside  them,  <f— <f0  of  Tokyo  (from  1900. 
of  Philadelphia  (from  1900.8  to  1901.0)  in 
After  tlie  first  approximation,  f„  for  1'kiah 
— 0".01.  and  that  for  Leiden,  by  +0".01. 


he  has  taken. 
4  to  1910.0),  and  those 
A.J.  509  are  included, 
has  been  corrected  by 


1900.0 

+  0.029 

+  0.052 

+  0.038 

.1 

+  0.023 

+  0.056 

-0.005 

o 

+  0.015 

+  0.039 

-0.047 

.3 

+  0.002 

+  0.001 

-0.079 

.4 

-0.015 

-0.034 

-0.095 

.5 

-0.030 

-0.O19 

-0.082 

.6 

-0.033 

-0.063 

-0.043 

.7 

-0.031 

-O.O07 

+  0.007 

.8 

-0.011 

-0.056 

+  0.054 

.9 

+  0.011 

-0.026 

+  0.084 

1901.0 

+0.034 

+  0.038 

+  0.095 

5.81      2.53      3.79 


The  mean  error  of  a  single  observation  of  q  —  q0  decreases 
from  ±0".034  to  ±0".025,  the  mean  of  the  mean  errors 
of  the  coordinates  of  a  point  upon  the  orbit,  from  ±0".019 
to  ±0".015,  and  that  of  £  is  ±0".011. 

Having  applied  the  above  values  of  $,  x,  and  y  to  all 
stations,  we  have  the  following  residuals: 


Ukiah 

1899  " 

.82 

'.10 

.07 
.05 


-.03 
+  .10 
+  .09 

-.01 
12  +.0.°, 
19  -.01 
25  +.01 
32   -.01 

-.04 

-,o:; 

-.02 

.00 

-.02 
-.01 
-.04 


.40 
.48 

..-,7 
.68 
.78 

.00 

.0> 


Tokyo 


.SO 
.87 

.98 

1900 

.00 

.1:; 
.21 
.20 
.36 
.45 
.7,0 
.02 
.71 
.70 

.87 

.94 


.00 

-.03 
-.04 

.oo 

-  .05 
-.01 

+  .00 

+  .04 

.oo 

.00 

-.05 

.00 

+  .09 

+  .01 
-.02 


.12 


.20 

.40 
.54 

.62 
.74 
.SO 
.SO 
19,  1 

.03 


-.01 
+  .08 

+  .09 

+  .02 

+  .01 
+  .01 

+  .10 
+  .01 
-.02 
-.05 
-.11 
-.06 

+  .02 


.80 
.98 

1900 

.10 

.17 
.26 


+  .05 
+.03 

-.02 

-.07 


Philadelphia 

1899  /' 

.70   +.05 
.01 


.39 
.48 


.01 

.00 

-.01 

-.02 

.:,:,  +.02 

.0:;  +.01 

.71  -.02 

.78  +.07, 

.80  -.01 


-.11      .96       .00 


.85 

.89 
.97 

1900 

.01 

.09 

.10 

.1.", 
.48 
.53 
.5S 
.62 

.70 

.79 
.83 
.88 
.96 


+  .05 

+  .07 

.00 
-.04 
+  .07 
-.00 
-.00 
-.01 
-.01 

+  .01 
.00 

.00 

.00 

+  .04 

-.05 

+  .05 


The  decreases  of  all  the  mean  errors  and  the  general 
improvement  in  the  agreement  of  the  observed  values  with 
the  calculated  show  the  possible  existence  of  a  new  term  $. 
On  looking  back  to  the  tabular  values  of  f ,  it  is  found  to 
have  an  annual  period,  its  maximum  amplitude  being 
nearly  0".03. 

The  orbit  of  the  pole's  motion  according  to  my  result  be- 
ing drawn,  the  lengths  of  its  principal  axes  are  found  to 
remain  nearly  the  same  as  that  of  Prof.  Albrecht,  but  the 
direction  of  the  apses,  changes  from  A  =  —120°  and  +60° 
to  A  =  —110°  and    70°  respectively. 

Appendix. 

For  the  farther  evidence  of  the  existence  of  £,  I  have 
tried  to  deduce  it  from  the  observed  values^  of  </  —  <p  ,  made 
in  the  preceding  ten  years  at  several  observatories.      Bui 

\Berirlil  Uber  '/<  »  Stand  der  Erforschung  do-  Breitenvariation 

(On  Til.  Axbkei  II  I    1898  .Hid  1900. 
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on  account  of  unfavorable  distribution  of  tl bservatoriea 

and  discontinuity  of  their  observations,  il  is  extremely  diffi 
.  determim  ly  from  x  and  y  by  taking  all 

I   have   therefore  used   for  this 
computation    on';  multaneous    observations)    for 

which  and  \_p  sin  X]  become  numerically  a  mini- 

mum at  I  Oii        res  the  following  results : 


Epoch 
'91' 


£ 

1 


.ii         .7         .8         .9 
39      28  +   2  +12  +   5 


'  22      I  I 
_         _         _        _       _  40  —."».">  —.'!'_'  —   5 

009   •  26   •  22   •    8—2-7  +17  +16 

+   8  +18 
7»  +0.017  +15  +11  +   3  -18  -41  -40  +10 

M  -f  44 


i)3  +0.04T)  +10  +    .".  -    0-17 


17 


-07  -62  -20 


21    1-20   *  17  +   6  -12  -33  -32  -15  -12  +16 

Vleai  error,  0  .032;  Stations  combiiied,  Pulkowa,  Berlin,  San 
o,  Honolulu. 

Mean  error,  10". 027:  Stations  combined,  Tokyo,  Taschkent, 
Kasan,  Potsdam,  New  York.  i  Washington. 

Mean  error.  bO\027;  Stations  combined,  Tokyo,  Kasan,  Potsdam, 
New  York.  Philadelphia. 

From  these  mean  values  ot  £  for  each  tenth  of  a  year,  we 

see  thai  each  oi  them  coincides  very  closely  with  that  given 

in  the  preceding  page  for  the  international  cooperation.     It 

seems,  therefore,  to  be  an  undeniable  fact,  that  the  varia- 

•   latitude  contains  a  new  element  £,  besides  the  com- 

ts  of  the  mere  motion  of  the  pole  hitherto  considered. 

In  above  both  computations,  :   has  been  regarded  to  be 

constant  for  all  the  latitudes  referred  to,  but  such  cannot 

naturally  be  the  case     Now  since  the  materials  are  given 

i  >  \  r  1 1  <  •  •  ories  lying  between  <p=60°N  and  qp=21   N. 

ained  will  correspond  approximately 

atitude    12    N.     It   there  is  a  sufficient  number 

us  iii  far  different  parallels,  each  of 

which  enabL  determine  f  independent  of  x  and  y, 

we  might  find  what  function  oi  latitude  ;  may  be. 

The  existence  of  ;'  being  thus  affirmed,  it  is  necessary  to 

see  how  much  influence  the  negligence  of  £  will  exert  upon 

the  values  of  x,  y,  and  q>  —  <pt.     Let  (x1,  y1)  and  (x,y)  be 

the  coordinates,  with  and   without  the  consideration  of  £ 

M     ,    ,,   1    International   Latitude  Station,  1902  January  6. 


res] tively,  and  (q     qi0)'  and  (<f  — >/„*  be  the  correspond- 
ing reducl  ions  For  each  sta.1  ion  ;  t  hen 


=  .'/ 


when 


and 


[//cos  A I  (  p  sin- A]  —  [/<  sin  A  1 1 /<  sin  A  cos  A] 
p  sin  'A  J I  p  cosaA  ]       [  /'  sin  A  cosA]2 

[_/<  sm  A  ]  [  p  cosaX]  —  [p  cosA][psin  A  cos  A] 


('I 


[/1  sin2  A]  [/<  cos-'A  )  - 
To)'  =  (<l->Jo)  +  ^l1 


[/1  sin  A  cos  A]2 
a  COS  A  —  /'  sin  A) 


These  equations  show  that,  if  [jjcosA]  and  [psinA]  be 
zero  at  the  same  time,  n  and  //  will  vanish,  and  £  will  affect 
( ()  —  <p0)  in  all  stations  by  its  whole  amount,  but  not  x  and 
1/  at  all.  Till  the  presenl  time,  however,  a  majority  of  the 
stations  in  Europe  and  western  coast  of  America,  gave  posi- 
tively large  values  of  f/*cosA]  and,  consequently,  a  is 
always  positive  and  pretty  large,  while  h  is,  in  most  cases, 
positively  small  on  account  of  the  smallness  of  the  numeri- 
cal value  of  [/<  sinA]  ;  in  consequence  of  such  conditions  in 
the  values  of  a  and  l>.  the  influence  of  the  neglect  of  £  on 
((jp  — (jp0)  is  greatest  in  Japan,  next  considerable  in  eastern 
America  and  western  Russia,  and  least  in  Europe  and  west- 
ern  America. 

Lastly,  taking  the  mean  of  the  two  series  of  values  of  £ 
above  given  for  each  tenth  of  a  year,  with  weights  accord- 
ing to  their  mean  errors,  I  get 

.0  .1  .2  .3         .4  .5         .6         .7  .8         .!) 

+  0^029  +22   +10    +3    -14  -31    -33   -25    -9    +14 

From  a  curve  formed  from  these  values,  £  is  seen  to  pos- 
sess an  annual  period,  and  is  zero  at  0.33  and  0.85,  maxi- 
mum at  0.0  and  minimum  at  0.57.  It  is  very  noteworthy 
that  the  zeroes  lie  near  the  equinoxes,  and  the  maximum 
and  the  mininum,  near  the  solstices. 

The  farther  investigation  respecting  the  nature  and 
causes  of  £  must  be  postponed  to  the  future.  I  have  stated 
in  this  paper  only  the  empirical  results  according  to  my 
assumption. 

In  conclusion.  1  wish  to  return  best  thanks  to  Dr.  N  \k  \m>. 
who  has  assisted  me  very  kindly  in  carrying  my  double 
and  independent  calculations  throughout  this  work. 


ELEM ENTS  ( )F  (0027)  —  n.  Mil  TT. I  /•/, 

a  =  lit11   14"    26"     ,     3  =  +19°  25'.7  (1900). 


^  cable  dispatch   from   Dr.    Kkeutz  (Feb.  2)  gives  the 

Si  il  a  \c's    i'.k.i  u  pe  variable 

Min.  1902  Feb.3.89    Gr.  M  T.)    k;''.:;s  A' 

ting  the  word  ackhallado  to  araballado.     The 


for r  is  not  in    the  code  and  the    period.  ">.70  days,  which 

it  would  require,  is  discor  dan  I  with  the  observed  approxi- 
mate minimum  of  1901  Nov.  1.27  given  in  A.N.  '■'<!  18.  The 
lattei  accords  within  0d.02,  and  is  undoubtedly  the  correct 
interpretation,  or  period  of  3d.38. 
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ABERRATION   CONSTANT   FROM   ZENITH   DISTANCES   OF   POLABIS, 

MEASURED    WITH   T1IK    MERIDIAN    CIRCLE    OF   THE    DETROIT    OBSERVATORY,    ANN     \l:r,m.. 

By  A.   HALL.   Jr. 


The  Ann  Arbor  Meridian  Circle  is  by  Pistor  and  Martins, 

of  the  old  fashioned,  heavy  type,  and  un symmetrical  with 
respect  to  the  cnbe,  the  object-glass  end  being  the  longer. 
The  circles  are  approximately  37  inches  in  diameter.  They 
are  made  rather  light,  so  that  they  are  distorted  somewhat 
by  gravity.  The  fine  circle,  which  is  the  one  read,  is 
divided  to  2'.  The  accidental  division  errors  are  small. 
The  microscopes  magnify  about  sixteen  times. 

The  object-glass  is  6.3  inches  in  diameter.  It  is  rather 
poor,  containing  tree-like  formations,  though  the  images 
are  round  all  the  way  across  the  field.  But  the  ray.--  of 
light  are  not  brought  sharply  to  a  focus.  The  eye-piece 
employed  has  a  power  of  160. 

The  instrument  is  mounted  between  sandstone  piers 
which  are  not  covered  with  felt  or  wood.  The  observing 
room  is  joined  as  an  east  wing  to  the  main  part  of  the 
building.  The  walls  are  of  heavy  masonry.  The  room  is 
small. 

When  the  daytime  observations  of  Polaris  were  made, 
the  north  slit  was  covered  as  far  as  possible  with  canvas, 
and  a  large  piece  of  canvas  was  drawn  up  over  most  of  the 
roof,  being  from  one  to  four  feet  above  it.  All  pointings 
were  made  with  the  tangent  screw,  the  star  being  placed 
between  two  horizontal  wires  about  5"  apart.  The  field 
was  bright. 

It  was  not  possible  always  to  obtain  successive  culmi- 
nations of  Polaris,  or  to  take  both  reflected  and  direct 
observations  at  the  same  culmination  without  working  too 
near  the  edge  of  the  field.     The  pointings  were  made  sym- 


metrically with  respect  to  the  middle  vertical  wire,  seven 
being  usually  taken  at  each  culmination,  though  sometimes 
five  or  nine. 

The  circle  divisions  read  by  the  microscopes  were  not 
changed,  so  that  no  consideration  is  necessary  of  division 
errors.  The  probable  error  of  a  single  pointing  on  Polaris 
is  ±0".33,  and  that  of  a  nadir  determination,  the  mean 
of  four  pointings,  ±0".28.  This  last  was  computed  under 
the  assumption  that  the  nadirs  at  the  beginning  and  end  of 
a  set  of  pointings  differ  only  by  accidental  errors,  so  that 
±  0".28  is  somewhat  too  large. 

Using  the  zenith-distances  as  observed,  without  apply- 
ing flexure  or  division  errors,  observation-equations  were 
written  of  the  form 

J8  +  b  sin  (Q+B)  .  Jk  +  b  cos  (Q  +  B)  .  n  +  S0  -  8'  =  v 

8'  is  the  observed  declination,  computed  from  the  observed 
zenith-distance  with  the  latitude  +42°  1(3'  4S".0,  80  the 
declination  of  the  Berliner  Jahrbuch,  Ik  the  correction  to 
the  aberration  constant,  20". 44;"),  and  it  the  parallax.  With 
the  term  _/8  would  be  included  all  constant  corrections. 
The  n's  as  first  computed  were  diminished  in  magnitude  so 
as  to  make  them  conveniently  small,  and  the  quantities 
thus  added  restored  to  .78  after  solution.  Thus,  to  the 
original  n's  was  added  in  the  first  set  of  equations  —4",  in 
the  second  set  +4",  then  —1",  0",  +1",  —1",  —1",  +1". 

Images  anil  steadiness  are  marked  on  a  scale  1-5,  1 
being  perfect.  The  dates  refer  to  Ann  Arbor  mean 
time. 


1.       Polaris   ABOVE    POLE.    (JlAMF    East. 
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b  cos 

b  sin 

6  cos 

\'o. 

Date 

I 
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(Q+B) 

(Q+B) 

n' 

V 

No. 

Date 

•' 

S     (Q+B) 

(O+B) 

n' 

0 

1 

Apr.  25.9 

3 

3 

-0.31 

-0.94 

+  0.36 

+  0.04 

7 

May   25.9 

2-3 

2-3   -0.72 

-0.67 

+  0.36 

+  0.01 

2 

26.9 

3 

3 

-0.32 

-0.93 

+  0.29 

-0.03 

8 

26.9 

3 

3     -0.73 

-0.66 

+  0.18 

-0.17 

3 

May     5.9 

3 

3 

-0.46 

-0.87 

+  0.57 

+  0.23 

9 

30.8 

3 

3     -0.77 

-0.61 

+  0.83 

+0.48 

4 

8.9 

3-4 

3 

-0.50 

-0.85 

+  0.81 

+  H.46 

10 

June    2.8 

3 

3      -0.80 

-0.57 

+  0.09 

-0.25 

5 

16.9 

3 

3 

-0.61 

-0.78 

+  0.72 

+0.37 

11 

6.8 

3 

3     -0.84 

-0.52 

-((.Id 

-0.44 

e 

24.9 

3 

3 

-0.71 

-0.69 

+  0.49 

+  0.14 

12 

16.8 

3 

3_4   -0.91 

-0.37 

-0.33 

-0.65 
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33 
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37 
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16 
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18 
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7.S 
L0.7 
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26.7 
17 
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3 
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3 
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3 
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3  2 
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n».:;    3 
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3 

3 
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2 
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0.93 
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0.69 
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0.24 
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0.04 
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+  n. is 
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+0.83 
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0.04 

0.36 
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0.03 
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-0.77 
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-O.00 
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-0.58 
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-0.30 
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3 
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4 

4 
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-0.81 
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-0.99 
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0.98 
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-0.48 
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-0.28 
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-0.51 
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-0.97 
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-0.93 
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-0.59 
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+  0.52 
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+  0.88 
+  0.96 
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+  0.45 
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-0.14 
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+  0.29 
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0.62 
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-0.17 
-0.38 
-0.20 
-o.so 
+  0.01 
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-0.50 
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+  0.64 
+  0.05 
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2.     Polaris  below  Pole,  Clamp  East. 
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-0.31 
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+  0.05 

32 
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3 
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47 
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3 
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-0.99 
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49 
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3 
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-0.59 

+0.23 
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69 
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3-4 

3-4 

—  0.92 

+  0.37 

-0.36 

-0.55 

50 

24.(3 

2-3 

2-3 

+  0.66 

-0.73 

+  0.41 

+  0.09 

70 

7.2 

2-3 

2-3 

-0.88 

+  0.44 

-o.o.-, 

-0.21 

51 

27.6 

4 

4 

+  0.62 

—  0.77 

+  0.92 

+  0.55 

71 

12.2 

3 

3 

-O.S4 

+0.51 

-0.06 

-0.19 

52 

Mar.  23.5 

3-4 

3-4 

+  0.26 

-0.95 

+  0.10 

-0.38 

72 

Sept.    3.1 

3-4 

3 

-0.00 

+  0.78 

-0.28 

-0.29 

53 

Apr.    8.5 
9.5 

3 

3 

-0.01 

-0.99 

+  0.61 

+  0.0S 

73 

1.1 

3 

3 

—  0.59 

+  0.79 

-0.49 

-0.49 

54 

3 

2 

-0.03 

-0.99 

+  0.92 

+0.39 

74 

9.1 

3 

3 

—0.52 

+  0.84 

-0.10 

-0.08 

55 

10.5 

3 

3 

--0.04 

-0.99 

+  0.36 

-0.17 

7.1 

11.1 

3 

3 

-0.49 

+  0.86 

-0.24 

-0.21 

56 

20.4 

3-4 

3 

-0.21 

-0.96 

+  1.02 

+  0.47 

76 

13.1 

3 

3-4 

—0.46 

+  0.87 

-0.S2 

-0.78 

57 

22.4 

3 

3 

-0.24 

-0.96 

-0.02 

-0.57 

77 

16.1 

4 

3 

-0.41 

+  0.90 

+  0.78 

+  0.84 

58 

25.4 

2-3 

o 

-0.29 

-0.94 

+  0.04 

+0.09 

3. 

Polaris 

ABOVE    P 

OLE,    B 

,  Clamp  East. 

b  sin 

6  cos 

b  sin 

h  COS 

No. 

Date 

/ 

S 

(0+«) 

(O+B) 

n' 

V 

No. 

Date 

/ 

S 

(O+B) 

(O+B) 

n' 

V 

1 

Aug!"  1.7 

3 

3 

-0.92 

+  0.36 

+  0.36 

+  0?33 

14 

Jair'l0.2 

3-2 

3 

+  0.99 

-0.04 

-0J2 

-o!o2 

2 

14.7 

2-3 

3 

-0.83 

+  0.54 

-0.34 

-0.4.-. 

15 

19.2 

3 

3 

+  0.97 

-0.19 

-1.11 

-0.33 

3 

20.0 

3 

3 

-0.76 

+  0.63 

-0.40 

-0.55 

10 

29.2 

3 

3 

+  0.92 

-0.36 

-0.39 

+  0.48 

4 

Oct.    15.5 

3 

3 

+  0.08 

+  0.9S 

+  0.76 

+  0.62 

17 

July  17.7 

3 

3 

-0.98 

+  0.13 

+0.50 

+  0.59 

5 

Nov.    2.4 

- 

- 

+  0.38 

+  0.91 

-0.11 

-0.13 

18 

21.7 

4 

3 

-0.97 

+  0.19 

-0.26 

-0.20 

6 

3.4 

- 

- 

+0.39 

+  0.91 

-0.16 

-0.18 

19 

31.7 

4 

3-4 

-0.92 

+  0.34 

+  0.91 

+  0.89 

7 

19.4 

3 

3 

+  0.63 

+  0.76 

+  0.86 

+  0.99 

20 

Aug.    1.7 

3 

2 

-0.92 

+  0.36 

-0.23 

-0.26 

8 

27.3 

3 

3 

+  0.73 

+  n.(i7 

-0.29 

-0.08 

21 

5.7 

3-4 

3 

-0.89 

+  0.42 

-0.51 

-0.57 

9 

Dec.  18.3 

2-3 

2-3 

+  0.92 

+  0.36 

-0.88 

-0.43 

22 

6.7 

4 

3 

-0.88 

+  0.43 

+  0.24 

+  0.18 

10 

24.3 

2-3 

2-3 

+  0.95 

+  0.26 

-0.34 

+  0.17 

23 

Sept.    2.6 

3 

2 

-0.61 

+  0.77 

-0.86 

-1.06 

11 

27.3 

3-4 

3-4 

+  0.96 

+  0.21 

-0.76 

-0.21 

24 

12.6 

- 

- 

-0.47 

+  0.87 

+  0.94 

+  0.72 

12 

ISM 

Jan.     1.3 

_ 

_ 

+  0.98 

+  0.12 

-1.40 

-0.80 

25 

14.5 

3 

3 

-0.44 

+  0.88 

+  0.10 

-0.12 

13 

7.2 

3 

3 

+  0.99 

+  0.02 

-0.25 

+  0.41 

4. 

Polurii, 

BELOW    1 

OLE   E 

,  Clamp  East. 

h  sin 

b  cos 

b  sin 

b  cos 

No. 

Date 

/ 

s 

(O+B) 

(O+B) 

n' 

I 

No. 

Date 

I 

S 

(O+B) 

(O+B) 

n' 

V 

1 

May"l3.4 

2-3 

2-3 

—0.56 

-0.81 

+  0.62 

+  0.64 

13 

Apr.  13.5 

3 

3 

-0.10 

-0.98 

-o!i3 

-O^OS 

2 

17.4 

3 

3 

-0.62 

-0.77 

-0.20 

-0.20 

14 

14.5 

3 

3 

-0.11 

-0.98 

-0.73 

-0.65 

3 

Dec.  27.8 

- 

- 

+  0.97 

+  0.20 

-0.13 

-0.39 

15 

17.4 

3 

3 

-0.16 

-0.97 

-0.45 

-0.37 

4 

31.8 

3 

3-2 

+  0.98 

+  0.13 

+  0.13 

-0.11 

16 

26.4 

- 

- 

-0.31 

-0.94 

-0.27 

-0.21 

5 

1899 

Jan.     2.8 

3 

3 

+  0.98 

+  0.10 

+  0.55 

+  0.32 

17 

28.4 

3 

3 

-0.34 

-0.93 

+  0.12 

+  0.18 

6 

15.7 

3 

3 

+  0.98 

-0.13 

+  0.21 

+  0.05 

18 

May    8.4 

2-3 

o 

—  0.49 

-0.86 

+  0.10 

+  0.13 

18.7 

3 

3 

+  0.97 

—0.18 

—0.09 

—  0.23 

19 

28.3 

3 

3 

—0.74 

-0.65 

-0.68 

-0.72 

8 

21.7 

3 

3 

+  0.96 

-0.24 

-0.05 

-0.17 

20 

June  26.3 

2 

2 

-0.96 

-0.24 

+  0.06 

-0.11 

9 

Feb.  16.7 

3 

3 

+  0.76 

-0.64 

+  0.90 

+  0.89 

21 

27.3 

2-3 

2 

-0.96 

-0.29 

+  0.32 

+  0.16 

10 

28.6 

3 

3 

+  0.61 

-0.78 

-0.27 

-0.24 

22 

29.3 

2-3 

2-3 

-0.97 

-0.18 

-0.31 

-0.50 

11 

Apr.     3.5 
4.5 

2 

2 

+  0.07 

-0.98 

+  0.30 

+  0.38 

23 

30.3 

- 

- 

—  0.97 

-0.16 

+  0.20 

+  0.00 

12 

2 

2 

+  0.06 

-0.99 

+  0.1S 

+0.26 

24 

July     1.3 

— 

— 

—  0.98 

-0.15 

+  1.11 

+  0.91 

5 

Polar 

is    ABOVE 

Pole, 

Clamp  West. 

l>  sin 

6  cos 

b  sin 

6  cos 

No. 

Date 

I 

S 

(O+B) 

(O+B) 

n' 

V 

No. 

Date 

/ 

S 

(O+B) 

(O+B) 

n' 

» 

1 

June  10.8 

2-3 

2-3 

-0.S7 

-0.47 

-o".38 

-0^52 

4 

Oct!   .->..-. 

4 

3 

-0.10 

+  0.98 

+  o!28 

+  0.00 

■  > 

15.8 

3 

3 

-0.91 

-0.39 

+  0.40 

+  0.30 

5 

9.r, 

3 

3 

—0.03 

+  0.99 

+  0.15 

-0.06 

3 

16.8 

- 

- 

-0.91 

-0.38 

-0.11 

-0.27 

0 

22.  1 

3-4 

3 

+  0.19 

+  0.97 

-0.19 

-0.37 

112 

T  II  1' 

ASTRONOMICAL    JOUK 

\  \  1.. 

N-  518 

'.  Bin 

0 

',  sin 

6  cos 

v. 

Date           / 

S 

(©+/>') 

(O+B) 

ii ' 

V 

\,,. 

Date 

/ 

S 

(©+■«) 

(©+«) 

n' 

V 

7 

!  1     3 

3 

•  0.20 

+  0.0(1 

+o!o2 

0  1;, 

36 

.lun',' "l  I.S 

3 

:; 

-0.90 

-0.11 

-0.38 

-  0.7,1 

S 

Nov.  26.3     3 

2 

+  0.71 

:  0.68 

t  0.26 

+0.20 

:;7 

I5.S 

2 

2-3 

-0.00 

O.IO 

-o.no 

-0.25 

9 

L7.3     2 

2 

+0.91 

+0.06 

+  0.07 

38 

17.8 

0 

i'  3 

0.92 

-0.37 

0.011 

0  10 

10 

L9.3     3 

3 

+0.92 

•  0.35 

•  L.03 

+  1.07, 

39 

19.8 

2-3 

2-3 

0.0:; 

-0.34 

-0.17 

-0.04 

11 

26.3  2  :: 

2  3 

+0.96 

+0.23 

+1.02 

*  L.06 

10 

July  11.7 

:; 

3 

0.00 

+  0.02 

+  0.73 

+  0.7,0 

1000 

II 

11'. 7 

:; 

3 

0.00 

+  0.0.", 

+  1.01' 

+  0.70 

11' 

Jan.   21.3   2   3 

2  3 

0.22 

0.13 

-0.0:; 

41' 

15.7 

;; 

3 

O.OS 

+0.08 

+  0.70 

+  0.51' 

13 

22.2  _'  3 

•» 

|  0.96 

-•0.24 

+  O.OS 

+  0.  is 

43 

21.7 

•;   1 

3    1 

-0.97 

+  o.ls 

+  0.7,7 

+  0.32 

1  1 

24.2  3    l 

3 

—0.27 

+  0.01 

+  0.11' 

1  1 

25.7 

3 

:; 

-0.00 

+  0.1-4 

+  1.48 

+  l.i':; 

L5 

29.2  2  3 

2  3 

0.92 

0.35 

0.83 

-0.71' 

45 

Aug.    :!.7 

:; 

;; 

-0.91 

+0.38 

+  0,42 

+  0.10 

16 

i           !  2     2 

2  3 

r  0.90 

-o.io 

—0.24 

-0.12 

40 

5.7 

:i 

1-2 

0.00 

+  0.11' 

-0.18 

-0.  15 

17 

9.2     1 

4 

f0.84 

0.52 

+0.03 

+  0.17, 

47 

6.7 

3 

2 

-O.SO 

+  0.4.-, 

—  0.08 

—  0.35 

In 

L0.2     3 

3 

+  0.83 

0.54 

-0.7,0 

0.44 

48 

1  1.7 

4 

4 

-0.82 

+  0.54 

+  0.00 

+  0.11' 

10 

11.2     2 

*» 

-t  0.82 

—0.56 

0.71' 

-0.00 

10 

15.7 

4 

4 

-0.81 

+  0.7,0, 

+  0.7,1 

+  o.l'4 

I'll 

19.1      1 

3   1 

1  0.7:; 

-0.66 

+  0.06 

1   0    IS 

7,o 

1S.0 

-0.70 

+  0.00 

+  0.10 

-0.18 

■_'l 

Mar.     2.1      3 

3 

Hi.. V.I 

o  70 

—0.31 

-0.10 

51 

31.6 

3-4 

3 

-0.04 

+  0.75 

+  1.5S 

+  1.31 

22 
23 

3.1     3 
23.0  3    1 

3 
3    1 

+  0.58 
+0.27 

—0.80 
-0.95 

+  0.10 

+  0.07 

-t  0.52 

+  0.70 

51' 
00 

Sept.21.6 
27.5 

4 

4 

3 
3 

-0.34 
-0.24 

+0.93 

+  0.00 

+  O.0S 

+  0.71 

+  0.43 
+  0.50 

24 

24.0     1 

4 

+0.25 

11.07. 

*  0.30 

+0.39 

54 

29.5 

:; 

3 

-O.l'O 

+  0.00 

—0.45 

—  0.69 

l'.-. 

31.0  3    1 

3 

+0.14 

-o.os 

-0.07, 

+  0.0;; 

55 

Oct.      3.5 

2-3 

', 

-0.14 

+  o.os 

-0.13 

-0.36 

26 

Apr.     L.O     3 

3 

+  0.11' 

—0.98 

+0.04 

+  0.11' 

56 

9.5 

3 

3 

-0.04 

+  0.00 

-1.30 

-1.51 

•J  7 

LO  3   1 

3    1 

+0.07 

-o.os 

+0.52 

+  0.7,0 

57 

11'.  7, 

2-3 

2-3 

+  0.01 

+  0.00 

-0.04 

-0.25 

28 

7.ii  3   1 

3   l 

+  0.02 

—0.99 

—0.49 

-0.  1.", 

58 

L9.4 

2-3 

1  :; 

+  0.13 

+  0.98 

-0.35 

-0.54 

29 

L8.9     1 

l 

0.18 

0.97 

+  0.26 

+0.29 

59 

Nov.  26.4 

i'-;; 

i'-:; 

+  0.71 

+  0.00 

-0.00 

-0.12 

30 

25.9  2-4 

3 

-0.30 

—0.94 

—  0.7,7 

11  56 

60 

Dec.     2.3 

2 

2 

+  0.7S 

+  0.01 

-0.33 

-0.37 

31 

28.9  3  2 

3  2 

-0.34 

-   0.93 

—  1.04 

—1.04 

61 

l:;.;; 

:; 

3 

+  0.88 

+0.45 

+  0.11 

+  0.11 

32 

30.9    3 

2  3 

—0.37 

-o.ol 

-0.01 

—  11.01' 

1901 

33 

M:,\        1.9       2 

2 

-0.43 

o. so 

+  0.17, 

+  o.i:; 

62 

Jan.  20.2 

3 

3 

+  0.07 

-O.l'O 

-0.05 

-0.7,5 

:;i 

20.8 

_ 

-0.65 

-0.74 

+  0.35 

+  0.27 

0:; 

30.2 

3 

;; 

+  0.01' 

-0.36 

-0.02 

+  0.00 

35 

.li.ii.   L2.8     3 

3 

0.88 

-0.44 

-0.78 

-0.0:: 

G4 

Feb.     7.1' 

i'-:; 

1'   .' ! 

+  0.86 

-0.10 

+  0.10 

+0.33 

G. 

Polaris  below 

JOLE, 

Clamp  West. 

b  sin 

6  cos 

b  sin 

,',  cos 

No. 

Date          / 

s 

(©+«) 

(©+«) 

»' 

D 

No. 

Date 

/ 

S 

(O+B) 

(O+fl) 

n' 

V 

1 

.i         !■_'.:;     2 

o 

-0.88 

-0.44 

+  L25 

+  o"69 

:;.", 

Apr.  27.4 

- 

- 

-0.32 

—  0.03 

+  0.50 

+  0.1':; 

2 

16.3  i'  3 

2  3 

-0.91 

-0.38 

+  l.i:5 

+  0.55 

34 

30.4 

- 

- 

-0.30 

-0.02 

+  0.10, 

-0.13 

3 

23.3  2  :: 

2 

0.95 

-0.28 

+0.42 

-0.10 

35 

May     1',.  1 

2-3 

2-3 

-0.46 

-O.SS 

+  0.04 

-o.i'O 

4 

Oct.   11.9     3 

3 

+  II.IU 

+  O.00 

+  0.36 

+  0.0I 

36 

26.3 

2-3 

2 

-0.71 

-O.OS 

+  0.1S 

-0.29 

S 

17.9  3-4 

3    1 

t  nil 

+  O.OS 

-0.7,0 

-0.80 

:;7 

June  12.3 

2-3 

2-3 

-O.SS 

-0.45 

+  0.45 

-0.11 

6 

20.9  2  3 

1'-:; 

+0.16 

+  O.07 

-0:24 

0.52 

38 

18.3 

i'-:; 

2-3 

-0.92 

-0.36 

+  0.76 

+  0.17 

7 

23.9    :; 

3 

+0.21 

+0.96 

+  0.77 

+  0.7,1 

.",0 

28.3 

- 

- 

-0.07 

-O.l'O 

-0.01' 

-0.65 

8 

24.9     3 

3 

+0.23 

+0.96 

+0.52 

+  o.l'7 

40 

July    4.2 

1  3 

i'  :: 

-O.OS 

-0.10 

+  0.37 

-0.28 

9 

Nov.  29  8     3 

3 

+0.75 

+  o. t;i 

+  0.0O 

+  0.07 

41 

5.1' 

2-3 

2-3 

-O.OS 

-0.00 

+  1.07 

+  0.42 

In 

Dec.     5.8     2 

2 

1-0.82 

+  0.7,0 

-0.37 

-0.32 

42 

9.2 

0 

2 

-0.00 

-0.02 

+  0.10 

-0.7,0 

11 

7.s 

_ 

.  o  ,84 

+0.52 

-0.24 

-0.18 

43 

13.2 

- 

- 

-0.00 

+  0.04 

+  1.04 

4  O.OS 

12 

19.8  3-2 

3  2 

+0.93 

+0.34 

-0.66 

-0.54 

44 

■  >l  •> 

3 

2-3 

-0.97 

+  0.17 

+  0.1';: 

-o.l  1 

L3 

-     3 

3 

1-0.93 

+0.32 

-0.65 

-0.53 

45 

i'S  2 

■) 

2 

-O.07, 

+  0.2S 

+  1.30 

+  0.01' 

1  1 

Jan.  21.7     3 

3 

+0.96 

-0.23 

0.02 

+  0.1S 

40 

Aug.    7.1' 

- 

- 

-O.SS 

+  0.44 

+  0.7S 

+  0.11 

l.-> 

22.7  3    1 

:> 

+  0.96 

-0.25 

+  0.35 

f-0.55 

47 

10.2 

3 

:; 

-O.SO 

+  0.48 

+  0.55 

-0.11 

L6 

27.7     3 

.'! 

+  ii.'.i.", 

-0.33 

0.59 

-0.39 

IS 

24.1 

•', 

:; 

-0.7:; 

+  0.67 

1  0.77 

+  0.14 

17 

28  7  3    1 

3    I 

•  n. '.ii' 

-o.:;.-, 

0.66 

-o.io 

49 

29.1 

- 

- 

-0.07 

+  0.7.'! 

+0.86 

+0.25 

18 

30.7  3  4 

3   1 

+  0.1)1 

-0.38 

-0.53 

0.34 

7,0 

Sept.    6.1 

:; 

.", 

-0.7,0 

+  O.S1 

+ 1 . 1  s 

+  0.61 

19 

_ 

+0.83 

-ii,;,:; 

0  59 

oil 

7,1 

12.1 

3 

3 

O.IS 

+0.86 

-0.3S 

-0.01' 

L'u 

10.6     3 

3 

•  n  82 

0.55 

+  0.70 

1-0.94 

7,1' 

14.1 

1  3 

i'  r, 

0.45 

+  O.SS 

+  o..-,l 

—  0.01' 

21 

L3.6     I 

4 

+  H.70 

-0.59 

+  0.02 

+  0.10 

53 

30.0 

3 

.", 

-O.l'O 

-HO. 07 

+  0.4S 

+  0.01 

.... 

17  6  3-4 

3    1 

•  ii  7:, 

-0.0  l 

+  0.25 

+  0.I0 

7,4 

Oct.  14.0 

3 

3 

+  0.01 

+  0.00 

+  0.97 

+  O.03 

23 

Mar.      1.6       1 

4 

+0.60 

-0.70 

o.ll 

-0.00 

.">."> 

L6.9 

3-4 

3-4 

+  0.00 

1  11  98 

-0.22 

-0.53 

24 

2.6 

_ 

-  0.58 

-O.SO 

•  ii.:;:, 

+  0.15 

7,0, 

27.9 

2-3 

2-3 

'  11. is 

+  0.05 

-  0.07 

-0.30 

25 

19.6     3 

2  3 

+  ii.:;:; 

0.93 

■  0.38 

+  0.39 

7,7 

30.9 

2-3 

2-3 

+0.32 

+  0.0:; 

+  1.02 

+  0.81 

26 

23.5  2  3 

■  0.26 

—0.95 

+  0.7,1 

1  0  19 

58 

Nov.    3.9 

2-3 

"  .", 

+0.39 

+  0.01 

+  0. 1 4 

-  0.04 

27 

30.5 

_ 

■  i '  1 5 

-o.os 

-0.07 

0.13 

50 

Dec.     l.s 

1  :; 

i'  :: 

+  0.77 

+  0.62 

-0.00 

-0.07 

28 

31.5     3 

3 

+0.13 

0.98 

+  0.11 

'  001 

0,0 

I'.S 

2 

•< 

+  0.7S 

+  0.00 

+  0.71 

+  0.74 

29 

Apr.     3.5     •'! 

3 

+  O.I  is 

-O.OS 

+  0.7,1 

•  0.42 

01 

i'  1 .8 

2-3 

1  3 

+  0.94 

+0.31 

+  0.:;.-, 

+0.48 

30 

9.5     3 

3    1 

-0.02 

-0.00 

o.l:; 

0.56 

01' 

1901 

Feb.   lo.o 

3 

3 

+0.82 

-0.54 

-0.0.°, 

-O.70 

31 

10.5     1 

1 

0.04 

o.OO 

o.i';, 

-0.39 

63 

1  1.6 

3-4 

2 

+  0.70 

-0.00 

-0.10 

+  0.07 

32 

25.4  2  3 

•_'  3 

0.29 

ii  0  1 

0.34 

0,7,0 
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7. 

Polaris 

above  Pole,  E 

,  Clamp  West 

5  sin 

b  COS 

b  sin 

b  cos 

No. 

Date 

I 

S 

(O+B) 

(O+B) 

n' 

V 

No. 

Date 

/ 

s 

(O+B) 

(O+B) 

n' 

B 

1 

June  18.8 

2-3 

2-3 

-0.92 

-0.:;r, 

-d'.u 

-0''25 

14 

Aug.  25.6 

4 

4 

-0.71 

+  0.69 

+  0JI4 

~o"o6 

2 

20.8 

3 

2-3 

-0.94 

-0.32 

+0.03 

+  0.21 

15 

27.6 

2-3 

2-3 

-0.69 

+  0.71 

+  0.33 

+  0.22 

3 

24.8 

3 

3 

-(1.95 

-0.25 

-t-0.35 

+  0.50 

16 

30.6 

2-3 

2-3 

-0.05 

+  0.71 

+  o.o:; 

+  0.52 

4 

Oct.   12.5 

2 

2 

+0.02 

+  0.99 

-O.04 

-0.07 

17 

Sept.    3.6 

3 

3 

-0.60 

+  0.79 

+  1.19 

+  1.08 

5 

15.5 

3-4 

3    1 

+  0.07 

+  0.9S 

—  0.02 

-0.63 

18 

25.5 

3 

2 

-o.27 

+  0.95 

-0.54 

-0.G2 

G 

31.4 

2-3 

2-3 

+0.33 

+  0.93 

-II. IIS 

-0.01 

19 

Oct.      5.5 

3 

3 

-0.11 

+0.98 

+0.99 

+  0.93 

7 

Dec.     1.3 

3 

2-3 

+  0.77 

+  0.62 

+  0.15 

+  0.43 

20 

14.5 

3 

3 

+  0.05 

+0.99 

+  0.25 

+  0.23 

8 

4.3 

o 

2 

+  0.80 

+  0.58 

-0.23 

+  0.07 

21 

17.5 

3 

2-3 

+  0.10 

+  0.98 

+  0.03 

+  0.02 

9 

21.3 

2-3 

3 

+0.94 

+0.31 

-0.37 

+0.05 

99 

20.4 

2-3 

2-3 

+  0.15 

+  0.98 

+  0.22 

+  0.23 

10 

1900 

June  22.8 

2 

2 

-0.94 

-0.29 

-0.34 

-0.18 

2:; 

Dec   10.;; 

2 

r> 

+  0.85 

+  0.49 

-1.49 

-1.15 

11 

25.8 

2-3 

2-3 

-O.90 

-0.24 

-1.04 

-0.89 

24 

15.3 

2-3 

2-3 

+  0.1)0 

+  0.42 

-1.05 

-0.67 

12 

27.8 

2 

2 

-0.96 

-0.21 

-0.04 

-0.51 

25 

,lan'.""22.2 

3 

3 

+  0.96 

-0.23 

-0.42 

+  0.19 

13 

July  22.7 

3 

3 

-H.97 

+  0.20 

-0.07 

-0.07 

20 

Feb.    10.1 

2 

2 

+  0.83 

-0.54 

+  0.34 

+  1.02 

8. 

Polaris 

below  Pole,  R 

,  Clamp  V 

KST 

b  sin 

b  cos 

b  sin 

6  cos 

No. 

Date 

7 

S 

(O+B) 

(O+B) 

n' 

V 

No. 

Date 

I 

S 

(O+B) 

(O+B) 

n' 

V 

1 

June  11.3 

3 

3 

-0.87 

-0.40 

+  o!26 

-o"l4 

15 

May°30.3 

2 

1-2 

-0.70 

-0.63 

+0*98 

+o!es 

2 

13.3 

- 

- 

-  0.89 

-0.43 

+0.37 

-0.05 

10 

June   3.3 

2-3 

2-3 

-0.80 

-0.58 

-0.12 

-0.45 

3 

17.3 

2 

2 

-0.92 

-0.37 

+  0.39 

-0.00 

17 

12.3 

2-3 

2-3 

-0.88 

-0.45 

+  0.40 

-0.01 

4 

Dec.  21.S 

2-3 

2-3 

+  0.94 

+  0.30 

+0.31 

+  0.72 

18 

17.:: 

2-3 

2-3 

-0.91 

-0.37 

+  0.19 

-0.26 

5 

1900 

Feb.     2.6 

2-3 

o 

+  0.S9 

-0.42 

+  0.40 

+  0.9X 

19 

18.:; 

2-3 

2-3 

-0.92 

-0.36 

+  0.13 

-0.33 

(5 

15.6 

3 

3 

+  0.77 

-0.62 

-0.09 

+  0  4S 

20  ■ 

19.3 

2 

2 

-0.92 

-0.34 

+  0.44 

-0.02 

7 

25.6 

3 

3 

+  0.05 

-0.74 

-1.05 

-0.52 

21 

25.:; 

2 

•  i 

-0.95 

-0.25 

+  1.30 

+  0.79 

8 

Mar.  11.6 

2  3 

2-3 

+  0.45 

-0.88 

-0.61 

-0.15 

22 

July  18.3 

2-3 

2-:; 

-0.98 

+  0.12 

+  0.77 

+  0.15 

9 

26.5 

•  i 

•  > 

+  0.21 

-0.96 

-0.31 

+  0.03 

23 

25.2 

2 

2-3 

-0.96 

+  0.24 

+  0.84 

+  0.20 

10 

Apr.     4.5 
9.5 

+  0.06 

-0.98 

+  0.05 

+  0.32 

24 

20.2 

- 

- 

-0.95 

+  0.25 

+  0.48 

-0.16 

11 

3 

3-4 

-0.02 

-0.99 

+  0.24 

+  0.40 

25 

Dec.  11.8 

2  3 

2-3 

+  0.S7 

+  0.47 

-0.90 

-0.58 

12 

14.5 

_ 

-0.11 

-0.98 

+  0.59 

+  0.70 

20 

15.8 

2-3 

2-3 

+0.90 

+  0.41 

-0.52 

-0.16 

13 

22.4 

2-3 

2-3 

-0.24 

-0.96 

-0.40 

-0.31 

27 

Jan.  30.7 

3 

3 

+  0.91 

-0.37 

-1.00 

-0.48 

14 

May     4.4 

2-3 

2-3 

-0.43 

— 0.S9 

-1.12 

-1.10 

28 

Feb.     7.G 

3 

3 

+  0.85 

-0.50 

-1.28 

-0.70 

From  the  foregoing  observation-equations  normals  were 
formed,  each  set  beiug  taken  by  itself.  The  solution  of 
the  respective  systems  gives  the  following  values  for  the 
unknown  quantities  and  probable  errors.  The  probable 
error  of  one  equation  may  be  taken  as  ±0".3o. 


No. 

JS 

Ak 

77 

1 

—4.01 

±0.04 

+  0.21 

±0.06 

+  o"2G 

±0.00, 

2 

+  3.81 

±0.05 

+  0.14 

±0.00 

+  0.34 

±0.06 

3 

-0.58 

±0.12 

+  0.20 

±0.10 

-0.59 

±0.22 

4 

-0.22 

±0.10 

+  0.03 

±0.09 

-0.31 

±0.16 

5 

+  0.92 

±0.05 

+  0.15 

±0.00 

-0.14 

±0.07 

6 

-1.24 

±0.04 

+  0.43 

±0.00 

-0.12 

±0.06 

7 

-0.70 

±0.10 

+  0.24 

±0.11 

-0.33 

±0.15 

8 

+  O.90 

±  0.09 

+  0.56 

±0.09 

-0.27 

±0.15 

In  the  case  of  the  direct  observations  the  variation  of 
latitude  is  eliminated  by  combining  results  on  both  sides  of 
the  pole.  It  may  fairly  be  assumed  also  that  temperature 
disturbances  and  other  changes  of   like  nature    will    dis- 


appear in  the  same  way.  For  the  reflected  observations 
the  dates  are  such  that  this  elimination  can  hardly  be  as- 
sumed. Therefore,  if  the  mean  is  taken  of  the  results 
corresponding  to  solutions  1,  2,  5,  6,  the  correction  to  the 
aberration  constant  is 


Jk   =    +0".24 


or  k   =    +20".G8 


Provisionally  the  latitude  of  this  observatory  can  be 
taken  as 

+  42°  16'  48".8 

The  latitude  as  given  in  the  ephemerides,  48".0,  was 
probably  only  an  approximate  determination.  As  to  the 
negative  parallaxes  resulting  from  the  reflected  observa- 
tions, the  probable  errors  are  large,  so  that  such  values 
might  be  looked  for.  The  observations  agree  among  them- 
selves quite  as  well  as  those  taken  direct.  The  value 
+  o".24  of  Jk  is  no  doubt  too  great.  If  its  probable  error 
is  assumed  to  be  ±0".03,  it  may,  however,  differ  from  the 
truth  no  more  than  might  be  reasonably  expected. 


Ill 
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REMARKS    <)X     CERTAIN     DETERMINATIONS    <>F     THE     CONSTANT     OF 
ABERRATION     IJY     THE     CJ.  S      COAST     AM)     GEODETIC     SURVEY, 

By   SIM'  '\     M  \\  I  OMB. 


I„  No.  517                     rnal  Mr.  Chandler  objects  to  two 
values  of  the  constant  of  aberration  published  some  years 
28  and  32  of  the  (J.S.  Coasl  and  Geo- 
detic Survey.      As   the  author,  not    unjustly,  throws  on  

tli,.  principal  responsibility  for  the  allegi     ei  roi  i  of  method, 
it  appears  appropri  i  the  sti  ictures. 

I  may  remark,  at  the  outset,  that  the  methods  were  sug- 
gested at  a  time  when  1  was  completing  my  work  on  the 
Mtits.  and  when  any  results  to  be  incor- 
porated must  be  speedily  obtained.  The  scries  of  observa- 
made  by  Davidson  at  San  Francisco,  seemed  tome 
of  special  value  lor  the  end  in  view.  But  their  complete 
discussion  would  have  taken  so  long  a  time  that  the  results 
would  not  he  available  for  my  work.  1  therefore  suggested 
a  more  speedy  process.  Hence  the  adoption  of  an  abbre- 
method,  which  1  shall  set  forth  in  such  a  manner  as 
to  make  Mr.Cn  lndler's  objections  as  clear  and  forcible  as 
possible  To  condense  the  matter  within  the  smallest 
limits  I  accept  the  problem  in  the  form  in  which  Mr. 
<'h  wM.ru  substantially  gives  it.  replacing  a  pair  of  stars 
by  a  single  star  passing  the  meridian  near  the  zenith,  of 
which  the  zenith-distance  is  measured  at  transit  at  various 
seasons  of  the  year.  Granting  that  there  is  no  variation 
of  latitude,  a  series  of  observations  of  such  a  star  lead  to 
equations  of  condition  for  determining  the  aberration  of 
the  form  : 
(1)  .-  -  Ah k  =  n 

Here  z  is  the  combined  correction  to  the  latitude  and 
the  star's  declination,  which  is  to  be  eliminated  from  all 
the  observations  of  the  same  star.  A  is  the  aberration- 
factor  in  the  expression  for  the  star's  apparent  declination, 
and  SA;  is  the  correction  required  to  the  aberration-con- 
stant /.-. 

Were  the  latitude  invariable,  the  problem  would  be 
simply  that  of  eliminating  z  from  the  system  of  equations 
given  by  each  star,  thus  forming  a  final  normal  equation 
in  which  hk  would  be  the  only  unknown  quantity.  But, 
as  a  matter  of  fact,  the  value  of  the  latitude  is  a  variable 
quantity.  Hence  if  we  pu1  8g  for  the  deviation  of  the  lati- 
tude   from   any  mean    value,   our  equations  will    be  of  the 

form 

z+hrj  -  Ahk  =  n  (2) 

Now,  if  hff  is  a  known  quantity,  determined  from  other 
observations,    we    have    onh     to       lb  titute    its    numerical 
in  each  of  the  original  equations  of  condition,  (2), 
and  thus  reduce  the  latter  to  the  form  1 1). 

If   i   con-  i  stand    Mr.  Ch  wot. mm-  obji 

they  do  not  apply  to  this  case,  but   to  that   in  which  the 


variations  of  the  latitude  have  to  be  determined  from  the 
same  observations  as  the  aberration.  Iii  this  case  the 
latitude  variation  maj  be  written  in  the  form 

hep  =  x  cos  N  +  y  sin  N  +  it  cos  Q  ■+■  v  sin  O        (3) 

where  .Y  is  any  angle  increasing  at  the  rate  of  360°  in  428 
daj  s. 

Substituting  this  value  of  h)  in  (2)  we  have  equations  of 
condition  in  the  form 

a  —  Ahk  +  .r  cos  .Y+  y  sin  -Y+  u  cos  ©  -+-  y  sin  ©   =  n      (4) 

After  eliminating  z  we  shall  have  a  normal  equation  for 
8/,-  in  the  form 

[aa]hk  +  [ab]x+[ac]y+[ad]u  +  [ae~]v  =  [an]       (5) 

together  with  normal  equations  in  .'■.  y,  n  and  u  which  we 
need  not  write.  From  these  equations  the  values  of  x,  y, 
u  and  y  are  to  be  derived,  and  substituted  in  (5),  which 
will  then  assume  the  form 

[aa]  SA  =  [an]-  [a//]  x-[ac]  y  -  [ad]  u  -  [ae]  v      (6) 

The  gravamen  of  the  objection  to  the  Davidson  results 
seems  to  be  that,  instead  of  using  this  method  strictly,  the 
adopted  values  of  x,  y,  u  and  v  were  derived  assuming 
SA;  =  0,  and  then  used  in  (6)  to  determine  SA". 

It  is  assumed  that  these  quantities  were  derived  from  the 
observations  themselves  in  this  way,  but  as  I  shall  presently 
show,  it  is  practically  indifferent  whether  they  were  so 
derived  or  obtained  from  other  sources.  In  order,  however, 
to  get  at  the  pith  of  the  question,  I  shall  provisionally  ac- 
cept the  correctness  of  the  former  assumption,  and  trace  its 
consequences,  following  as  well  as  I  can  Chandler's  line 
of  thought.     He  throws  the  coefficient  A  into  the  form 

A  =  n  sin  T  —  m  cos  © 

where  T  is  the  mean  time.  The  equations  (4),  writing 
only  the  necessary  terms,  may  then  be  thrown  into  the  form 

—  n  sin  Thk  +  (mhk+u)  cos  Q  +  etc.  =  n 

Then,  putting  SA-  =  0  in  the  first  term,  the  solution  will 
give  us,  instead  of  «,  the  value  of 

iiihk  +  u  =  u  —  0.315  8/c 

Taking,  with  Chandler,  as  an  extreme  value, 

SA-  =  -t-OMO 

the  value  of  u  will  be  in  error  by  0".0315.  Then,  by  sub- 
stitution in  (5)  the  resulting  error  introduced  into  SA-  will 
be 

0 ".0315  r"/J 

L""J 
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Since  the  coefficients  a  and  d,  from  which  [««"]  is  formed, 
are  of  different  signs  in  different  equations,  it  is  likely  that 
[ad~\  is  much  smaller  than  [aci],  and  hence  that  the  error 
is  much  less  than  0".03.  More  than  this  cannot  be  said 
without  a  re-reduction  of  the  observations,  which  seems  to 
me  very  desirable,  as  I  believe  them  to  be  of  good  quality, 
besides  having  the  advantage  of  extending  through  t lie 
greater  part  of  the  night. 

In  such  a  re-reduction  the  value  of  Sir,  instead  of  being 
derived  solely  from  the  observations  themselves,  should  be 
derived  from  all  available  data.  The  error  introduced  into 
the  solution  for  8k  is  not  simply  that  pointed  out,  but  is 
the  result  of  the  total  error  of  the  adopted  Sg.  This  is 
why  I  have  said  the  question  whether  Sg  was  derived  from 
the  observations  themselves  or  not  is  now  indifferent. 

The  above  criticism  does  not  apply  to  the  case  of  Pres- 
ton's Waikiki  observations,  which  I  shall  hold  to  be  re- 
duced on  correct  principles  until  Mr.  Chandler  makes 
his  objections  clearer  than  he  does.  As,  owing  to  the  low 
latitude  of  the  station,  the  weight  of  the  resulting  aberra- 
tion must  be  small  in  any  case,  it  does  not  seem  worth 
while  to  occupy  space  in  defending  the  method  adopted  in 
their  discussion,  except  to  justify  and  make  clear  the  prin- 
ciples on  which  it  is  based. 

In  deriving  the  aberration-constant  from  the  equations 
(2)  it  is  "iih  necessary  that  the  values  of  Sir  finally  used 
in  the  equations  shall  be  numerically  correct  through  the 
period  of  the  observations.  If  such  is  the  case,  it  matters 
not  how  widely  the  general  formulas  by  which  they  are 
derived  and  expressed  may  deviate  from  the  truth  at  other 
times.     What  Preston  did,  with  my  concurrence,  was  to  I 


assume  that  through  the  period  of  his  observation,  nearly 
thirteen  months,  the  two  terms  in  Sir  could  be  merged  into 
a  single  one  having  a  period  of  384  days.  The  only  way 
to  determine  the  actual  magnitude  of  the  error  thus  intro- 
duced is,  (1)  to  find  the  actual  values  of  Sg  from  all  sources, 
especially  Chandler's  latest  formulas,  from  month  to  month 
during  the  period  of  observations ;  (2)  to  compute  Sg  for 
the  same  dates  by  the  values  of  x  and  y  derived  by  Pres- 
ton ;  (3)  to  determine  the  change  in  the  aberration  pro- 
duced by  substituting  the  corrected  values  of  Sg. 

I  now  see  that  it  would  have  been  better  to  have  formed 
and  solved  the  equations  in  the  form  (4),  notwithstanding 
the  indetermination  in  the  values  of  x,  y,  u  and  v  then 
found  in  the  solution,  because  the  large  errors  to  which 
these  quantities  were  then  liable  would  have  compensated 
each  other  in  forming  the  equation  (5). 

This  does  more  than  answer  Chandler's  criticism  of  the 
method,  since  it  corrects  the  result  by  introducing  ulterior 
data  which  Preston  did  not  have  at  command.  To  justify 
the  method  it  is  only  necessary  to  show  that  the  general 
form  of  Sg  supposed  by  Preston  may  be  made  to  express 
Sg  during  his  observations. 

I  may  be  allowed  to  express  my  dissent  from  the  opinion 
that,  in  such  observations  as  these,  it  is  best,  in  determining 
the  aberration,  to  eliminate  the  variations  of  latitude  by 
use  of  approximately  simultaneous  dates.  I  think  the 
probable  error  of  the  result  will  be  much  larger  by  this 
method  than  by  accepting  the  variations  of  latitude  as 
known  quantities.  The  demonstration  of  this  view  belongs 
rather  to  a  treatise  on  Least-Squares  than  to  the  pages  of 
this  Journal. 


THE  SECULAR  PERTURBATIONS  OF  THE  EARTH    BY  THE 

ACTION  OF  MARS, 

By  EIUC  DOOLITTLE. 


In  the  "New  Theory  of  Jupiter  and  Saturn"  Dr.  G.  W. 
Hill  pointed  out  that  in  effecting  the  computation  by 
means  of  series  of  the  action  of  Mars  on  the  Earth  the 
terms  of  the  fifth  order  with  respect  to  the  inclinations  and 
eccentricities  amount  to  about  one  per  cent,  of  those  of  the 
first  order,  thus  showing  a  lack  of  rapid  convergence.  It 
hence  appeared  desirable  that  the  results  should  be  verified 
by  the  method  of  Gauss,  and  this  was  done  by  Dr.  A.S  mm 
Hall,  Jr.,  (A.J.,  No.  244  t.  and  by  Mr.  Innes.  I.1/..Y.,  Vol. 
LII,  Nos.  2  and  7).  Dr.  Hall  divides  the  orbit  of  the  Earth 
into  twelve  parts  with  regard  to  the  eccentric  anomaly,  and 
Mr.  Ixnes  into  sixteen;  in  the  former  computation,  Dr. 
Hill's  first  modification  of  Gauss's  method  is  employed, 
and  in  the  latter,  Mr.  Innes  has  employed  the  second  modi- 
fication, and  has  used  in  evaluating  the  elliptic  integrals 
the  tables  prepared  by  himself. 


In  both  of  these  applications  of  the  method  of  Gauss, 
the  original  elements  of  LeVerrier  were  used ;  in  the  fol- 
lowing computation,  the  elements  were  adopted  from  Dr. 
G.  W.  Hill's  "New  Theory  of  Jupiter  and  Saturn."  pages 
L92  and  554. 


log  a   = 


The  Earth. 

LOO  21   :;'.i.7.". 
0     0     0.00 

0.01677114 

1295977".416 

0.0000000 


9,'  = 


Mars. 

333 °17  '.M  71 
I   51     2.24 
is  23  54.59 
0.09326803 
689050".784 
0.1828971 


Epoch  1850.0  G.M.T. 


The  orbit  of  the   Earth   was  divided  into  sixteen  parts 
with   regard   to  the  eccentric   anomaly:    the   sums  of    the 


in; 
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i   ■.  bo  the  odd  and  ei  en 
of  division  were  in  substantia]  agreement,  and  the 
tii 
I    .     qual  cosq  -  /■',        0,     gave  the  re- 
sidual, f  0. I hiss. 

the  r     iltin     ra  thi   differ- 

ential coefficient  i  are  as  follow  s : 


18626.51  : 


-1    = 
L  dt  Joo 


tl    =    +      19587.144 
at  Joo 

d'L]   = 


22233.62] 


log  coeff. 
k  I  6868731 

p6.4796101 

•  I  29]  9711 

»4.347  0102 


n5.860  7288 
If  the  above  value  oi  i  ed,  there  finally  results : 


i ";  I  =  -  o 
L '" .  U 

L  dt  Joo 
[  ~dt    I  ~ 
L  dt  Joo 


015  71893 
r    0.97534889 


=    +   0.006331  7101 


0.007  L87  2066 
0.23457335 


The  results  published  by  Mr.  [nnes  are somewhal  incom- 
plete <>\\  ing  tn  uncorrected 


1  errors  in     -  -,  -      and 

L  dt  J»o  L 


£1    and    \lh!    I 


which  arose  from  a  misprint  in  Dr.  Hill's  original  paper 
T  have  hence  recomputed  the  values  of  these  quantities, 
and  of ,/..  and  JV.,  making  use  of  the  elements  and  auxili- 
aries employed  by  Mr.  Innes.  The  results,  together  with 
those  of  Hall,  Newcomb,  Hill  and  LeVerriee,  upon 
being  reduced  to  the  above  value  of  m'.  are  found  to  com- 
pare with  those  here  determined  as  follows: 


r— i 

\_dt  Joo 
L7/^Joo 


I.I  \'  i  RKIKR                    I  \  \i  -  HALL 

-0.01573  -0.015722  -o!oi57232 

•  0.975  I  +0.975224  -r  0.9751387 

•  0. >35  +0.0063401  +0.0063444 

0.00721  —0.007181)8  —0.0071952 

-ii.L':;:;  7  -0.23469  -0.2342416 


Ih,    /  0        vatory,   1902  Feb.  17. 


+  0.006  3362 

-0.0071' 111' 


Newcomb  New   Values 

-0.01572  -0.0157189 

+  0.9755  +0.9753489 

+  0.00(534  +0.006331  710 

-0.00719  -0.007187207 

....  -0.23457335 


ON  THE  NEBULA  SURROUNDING  NOVA    PERSEL 

A  dte  Profi     sor  Hi  SSE1   of  the  Lick  Oliserva-      no  evidence  of   polarization   in   condensations  A   and  /'  in 

rough  the  Harvard  College  Observatory,     nebula  surrounding  Nova  Persei" 
states:     "From  remit  Crosslej   photograph Perrine  finds 
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of  the  minor  planet  is  three  times  that  of  Jupiter,  that  is, 
make  k  =  3,  k'  =  1.  In  the  development  of  the  pertur- 
bative  function  we  propose  to  stop  with  terms  of  the  order 
of  the  fourth  power  of  eccentricities.  Then,  making  use 
of  Li:verrier's  elaboration  with  his  notation  (y  denotes 
half  an  eccentricity)*,  the  new  terms  we  have  need  of 
(they  are  sums  of  coefficients  only)  are 


the  preceding 


ILLUSTRATIONS    OF    PERIODIC    SOLUTIONS    IN    THE    PROBLEM    OF 

THREE    BODIES, 

By  g.  w.  hill. 
(Second  Article.) 
The  examples  we  now  propose  to  treat  differ  from  those 
of  the  first  article  in  that,  k—k1  being  a  small  integer,  it  is 
necessary  to  annex  to  the  usually  considered  non-periodic 
portion  of  the  perturbative  function  the  terms  which  be- 
come non-periodic  through  the  commensurability  of  the 
mean  motions  of  the  planets. 

As  a  first  example  take  the  case  where  the  mean  motion 

11  =  (172)V  +  (173)V  +  (174)Y2x2  +  (182)YX  +  (^>fx'x3  +  (1S4)2X'3X 
+  l  t93)YY  +  (20G)Y3x  +  (336)Y  +  (340)Yx8  +  (344)YY  +  (34S)Y8x 
After  substituting  for    the    symbolic    coefficients  their  expressions  in  terms   of    Leverrier's  A(. 
expression  becomes 

R  =  [V+r)  +  l]Y+[--l-';,' +.-»  +  12  +  4]Y  +  [-378-149+31  +  48+12]YY 

-[20  +  10  +  2]Yx  +  [70  +  29-37-42-12]Yx8  +  [262  + S3 -59 -54-12]  Y8x 

+  [_34+ 7 +  .V.»  +  4S  +  1L']'X'Y_  [0  +  13  +  27  + 18 +  4]Y3x+[157  +  iii  +  37  +  9  +  l]V 

_  (-•■  9 ::  o  +  i^  i  + 102  +  38  +4]  Yxa  +  [1 144  +  G83  +  265  +60  +  0]  YY 

-  [81 6  +  500  + 192  +  42  +  4]  Y8x 

where  the  coefficients  of  the  A  are  written  alone,  j  being 

always  0  for  the  first  term  within  each  pair  of  brackets  and 

augmenting  by  a  unit  in  each  step  to  the  right,  and  the 

common  value  of  i  for  all  the  terms  being  written  above 

and  to  the  right  of  each  pair. 

The  argument  for  the  A  is  «  =  0.4805969  and,  with  the 

assistance  of  Bunkle's  tables,  the  needed  values  have  been 

obtained  and  their    logarithms    inserted    in    the   following 

table  (it  should  be  noted  that,  on  account  of  the  reaction 

term  of  the  perturbative  function,  «  has  been  subtracted 

from  A'u11  and  A^  i  : 


Logarithms  of  A1- 


i 

j  =0 

j  =  1 

j  =  2 

j  =  3 

.7=4 

0 

0.3290769 

9.4911841 

9.4124837 

9.1660038 

9.0416585 

1 

K.GS'.lii'.Hin 

9.2152952 

9.3334831 

9.2075472 

9.0337108 

2 

9.2854829 

9.6363530 

9.5165204 

9.1946468 

9.0600964 

3 

s.x<i(i.-)3i<; 

9.4032790 

9.4925919 

9.3071G85 

9.0701913 

4 

8.515813 

9.1  156982 

9.3790588 

9.3422364 

9.1445298 

5 

8.152840 

8.8746742 

9.2172230 

9.3020362 

9.1988251 

6 

7.79756 

8.595126 

9.0253814 

9.2090472 

9.2024  174 

Employing  the  same  value,  as  before,  for  the  eccentricity 
of  Jupiter,  we  obtain,  by  the  help  of  the  preceding  data, 
for  the  second  class  of  considered  terms,  the  expression 

r-  =  T  0.1082128  + 1.250172  e  x0.630954e2  + 1.765393  e8 

the  upper  sign  belonging  to  the  case  where  the  perihelia 
coincide,  the  lower  to  the  case  where  they  are  opposed. 

From  the  part  of  the  perturbative  function  which  is 
usually  denominated  secular,  we  have 

''''  =  1 0.0080600  +0.287698 e  q: 0.046723 e2 +0.202990e8 
de 

The  sum  of  the  two  expressions  is 

%-  =  ^0.1162728  +1.537S70c  T0.677677e2  +1.968383 e* 
de 

The  right  member  of  this,  equated  to  zero  (the  upper 
sign  being  taken),  gives  e  =  0.077565. 

But,  on  account  of  the  neglect  of  higher  powers  than 
the  fourth  of  the  eccentricities,  this  result  is  likely  to  be 
error  to  a  considerable  amount.     Therefore   a  second  de- 
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termination  of  the  amount  of  motion  of  the  line  of  a] 

of  the  minor  planet  has  been  made  by  mechanical  quadra- 

: .-iit  values  .'i  e.     The  following  formulas 

used  : 


,     =  /' 
;•'  eos/'=  a'(cose'  —  e') 
/■'  sin/'=  a'y/T-  v-sin  i> 


t  —  6  sin  e  =  ZV 

t—e) 
r  sin/  =  a 

A  .     /      i  r  [r'sin(/-j 

s  =  «'-[i-i]'^os(/-/')-  A. 

<s  =  -«":[^-^]'-'-"v 

Then  it  is  necessary  to  compute  the  definite  integral 


U.1- 


Scos/+5(l+-)sin/  \dl 


:; 


we  do  for  the  two  values  e  =  0.077565  and 
e  =  0.078565.  The  values  of  the  quantity  under  the  sign 
of  integration  for  every  5°  of  the  mean  anomaly  of  Jupiter 
are  given  in  the  following  table: 


I'    e  =  0.077565     e  =  078565 
-2.757124 
2.828391 
2.817919 
2.484721 
1.895961 
L.239685 
0.658612 
-0.222175 
+0.053255 
0.181698 
0.193372 
0.122512 
♦  0.004863 
0.126801 
0.244309 
0.325641 
0.356586 
0.332528 
-0.260128 


II 

-2.764426 

5 

2.8; 

in 

2.825459 

L5 

2.493183 

l'ii 

L.904867 

25 

L.247910 

30 

0.665311 

35 

-0.227037 

10 

+0.050129 

15 

0.180203 

:,o 

0.192504 

55 

0.1221  16 

60 

5293 

65 

-0.126795 

Til 

0.244125 

75 

0.325167 

80 

0  355710 

85 

0.331234 

90 

0.258528 

0.077565    e  =0.078565 

—0.157956 

-0.054595 
+  0.017387 

+  o.o:r_'.:ir. 

-0.015502 
0.102618 
0.178315 
0.179565 
0.052646 

+  0.229136 
0.657593 
1.1904  16 
1.756153 
2.260756 
2.605567 
2.733158 
2.695806 

+2.651387 


95 

-0.156316 

100 

-0.053241 

105 

+  0.018234 

110 

•  0.032642 

115 

-0.01551  1 

120 

0.102780 

L25 

0.178702 

130 

0.180609 

135 

-0.054306 

140 

+0.225246 

145 

0.652027 

1 51 1 

1.183608 

1 55 

1.749316 

160 

2.253334 

165 

2.598633 

170 

2.726679 

175 

2.689420 

180 

+2.644934 

The  sums  of  th  ■  respectively  in  the  second  and 


third  columns  (the  values  appertaining  to  0°  and  180°  re- 
ceiving only  half  weight)  are 

+0.037466  and   +0.1  16495 

[nterpolating,  we  find  that  the  value  <>t  e,  proper  to 
make  the  definite  integral  vanish,  is  e  =  0.07722136. 

\\  e  aov.  construct  to  scale  and  by  points,  Fig.  3,  exhibit- 
ing the  synodic  orbit  of  the  minor  planet;  where,  in  explana- 
tion, itis  necessary  only  to  say  that  when  Jupiter  is  severally 
at  ■/  and  ./'  the  planet  is  severally  at  /'  and  /".  On  com- 
parison of  Figs.  2  and  o,  it  will  be  noticed  that,  in  the 
latter,  1"  lying  between  /'  and  ./  instead  of  between  P  and 
S,  two  additional  multiple  points  lying  off  the  line  of 
syzygies  are  necessitated.  The  latter  figure  probably  shows 
what  usually  occurs  in  periodic  solutions  of  this  type. 


Fig    3. 


J    J' 


Our  second  example  will  be  the  minor  planet  of  the 
Hecuba  type,  where  I;  =  2  and  k'  =  1.  Then,  with  simi- 
lar conditions  and  notation  as  in  the  first  example,  the 
terms  of  the  perturbative  function,  made  secular  by  the 
commensurability  of  the  mean  motions,  are 

R  =  (H)2x+(12)Y+(13)Y2x  +  (42)Yx2+(89)YaX 

+  (21  )Y  +■  (22  Y+(23)YY  +-(63  >YX+(52)YX8 

+  ( 53 ,  Y3x  +  (84 1 YY +("  *)*x  Y+ <  27)Y+  (60)Yx2 
+ 1 89 )  YJx  + 1 33 1 Y  +  (69  t'x  x8+  <  '■'*)  YY+  ("8  >  Y3x 

Or,  in  the  more  explicit  form, 


R  =  _  [4  +  lJ-x+  [14  +  1— 6-3]Y+  [64  +  <3-16-u]Y'Jx+  [-12+4+14+6]YxS 
_  [0+5  +  8+3]Ysx  +  [22  +  7  +  l]Y  +  [-***-  H3-*  8  +  16+4]y 
+  [-1408     3904  V2  1-60  +  12  YY  -  [42  +  14  +  2]Yx 
+  [462H  138     54     54-12]Yx"  +  [1074  +  270-78  -66-12]  Y*x 
+  [-304-60  I-84H  60  +  12]YY  +■  [H2— tf— 38-22-4]Y"x 

[134+V-  +  10  +  1  |Y  +  [~r  r-afJ  r-31  -r-3]Yx2-  [416  +  151  +  32+3]YsX 
+  [24  h80+13  +  l]Y-  [3640  t-  u»Tp+340  +  54  +  4]Yx8 

+  [5757  I  2131  f541+84  +  6]YY-[1  ": ' "  '  '  V  '  !  ;;sL'  '  :"S  +  4]Y3X 


In   the    Hecuba    type   of   minor  planet     u.  =  0.6297651. 
With  this  argument  we  take   from    Runkle's   table     the 
of  Leverrh  r's  -I    .  and  their  logarithi 


in  the  following   table    a  has  been  subtracted  in  the  cases 
Of  +"  and  .1 
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Logarithms  of  A    . 
i  j  =  0  j  =  l  j  =  2  j  =  3  j  =  4 

0  ....    9.8420431   9.9305S53  9.9823155  o. 1024322 

1  9.1028382  9.6771459   9.9034748  9.9959539   0.1 02851'.-, 

2  9.5623275  9.9632340  9.9976231  0.0010594   0.1129766 

3  9.2871510  9.8370606  0.01846o8  0.0512301   0.1246387 

4  9.0313180  9.6909111   9.9878184  0.0925462   0.1555446 

5  8.786771  9.5334010  9.9236912  0.1062645   0.1934997 

6  8.54962  9.368508     9.8366581  0.0921560   0.2229760 

7  8.31774  9.198419     9.7331207  0.0544375  0.2359934 

8  8.08977  9.02446       9.6171825  9.9974755   0.2305597 

With  the  same  value  of  Jupiter's  eccentricity  as  before, 
■we  get,  for  the  case  where  the  perihelia  coincide, 

—  =  -1.482354  +  5.143972  e-  13.880955  e"-  + 17.1062  e3 
-de 

and  for  the  case  where  they  are  opposed, 

dR 

~Ve 


=  -0.989656  +  2.193098  e  -  5.076561  e-  +  17.1062  e" 


For  the  part  of  the  perturbative  function,  usually  de- 
nominated secular,  we  have,  in  the  first  case, 

—  =  -0.028184  +  0.795798  c  -  0.34150  es  +  1.8647  e8 

de 

and,  in  the  second  case, 

—  =  +0.028184  +  0.795798e  +  0.34150  es  +  1.8647  e8 
de 


By  the  addition  of  the  two  portions,  severally  for  each 
case,  we  obtain 


dR 

~Je 

dR 
ye 


=  -1.510538  +  5.939770e-14.22245ea+18.9709e8=0 


—  =  -0.961472  +  2.988896  c-4.73506r2  + 18.9709  e8=0 


The  solution  of  these  equations  gives  the  value  of  e,  for 
which,  in  each  case,  the  secular  motion  of  the  line  of  ap- 
sides vanishes.  The  roots  are,  severally,  e  =  0.45  and 
e  =  0.30.  But  a  comparison  of  the  values  of  the  last  with 
the  first  terms  shows  that  these  values  are  probably  very 
wide  of  the  mark.  We  must  resort  to  mechanical  quadra- 
tures. The  formulas  to  be  employed  here  are  the  same  as 
in  the  first  example,  except  that  we  substitute 

t  —  e  sin  t  =  21' 

So  little  is  known  of  the  secular  motion  of  the  line  of 
apsides  in  the  difficult  case  of  the  planet  of  the  Hecuba 
typo  that  I  feel  justified  in  giving  some  details  of  the  cal- 
culations I  have  made.  Limiting  ourselves  at  first  to  the 
case  where  the  perihelia  coincide,  and  where  the  two 
planets  are  in  symmetrical  conjunction  when  they  occupy 
these  positions,  the  quantity  under  the  integral  sign  has 
the  following  values  for  the  specified  values  of  e  : 


V 

e  =  0 

e  =  0.12 

e  =  0.14 

e  =0.2056 

e  =  0.28 

e  =  0.7 

0° 

-8.5305.90 

5.217868 

-4.777020 

-4.006547 

—  2.923007 

-0.014550 

10 

8. 101  o;iS 

5.215575 

1.057000 

3.891521 

+  0.220027 

20 

7.634184 

4.496858 

4.116017 

3.049454 

2.085997 

1.089245 

30 

6.004867 

3.231570 

2.889654 

1.927968 

1.07440:; 

1.2S0002 

40 

4.214893 

2.062105 

1.792201 

1.062899 

O.429075 

1.207302 

50 

1'.  07  5585 

1  ■'"15  IS 

1.043364 

0.552893 

0.134531 

0.976214 

60 

1.540  in;; 

0.71226] 

0.609033 

0.323279 

0.077717 

0.653932 

70 

0.84350O 

0.108127 

0.418578 

0.337349 

0.155464 

+0.283321 

80 

0.513848 

0.4105s:; 

0.395853 

0.351480 

0.306481 

-0.098206 

90 

0.463977 

0.460630 

0.478429 

0.481446 

0.482434 

0.455o;,l 

100 

0.582306 

0.612484 

0.617623 

0.634250 

0.653194 

0.751540 

110 

0.760216 

0.771618 

0.773134 

o. 784790 

0.800732 

0.949993 

120 

0.905745 

0.91  1425 

O.014450 

0.913984 

0.915747 

1.010152 

130 

0.967521 

1.003429 

1.004982 

1.002797 

0.9020.-,.-, 

0.S96834 

140 

0.937333 

1.008472 

1.01550.-, 

1.022202 

1.021184 

0.611639 

150 

0.832348 

0.916754 

0.928795 

0.05000  1 

0.070075 

0.272709 

160 

o. 700922 

0.752902 

0.753064 

0.793750 

O.S20882 

0.138557 

170 

0.595117 

0.58070:; 

0.589561 

0.590287 

0.595183 

0.354  105 

180 

-0.554843 

-0.520554 

-0.514359 

-  0.020608 

-0.400015 

-0.256730 

It  thus  appears  that  the  line  of  apsides  continually  retro- 
grades for  all  values  of  e  below  0.28,  and  it  is  not  until 
e  =  0.7  that  the  advancing  seriously  begins  to  counter- 
balance the  retrogradation.  For  e  =  0  the  value  of  the 
definite  integral  is  —2.287926,  while,  for  e  =  0.7,  the 
value  is  —0.013825.  However,  much  precision  cannot  be 
attributed  to  the  latter,  as  18  points  on  the  semi-circum- 


ference are  insufficient  for  anything  but  a  rude  approxi- 
mation. 

It  seemed  likely  that  the  definite  integral  would  vanish 
for  a  value  of  e  in  the  neighborhood  of  0.72  ;  hence  another 
computation  was  made  for  e  =  0.72,  doubling  the  number 
of  points  on  the  semi-circumference,  with  the  following 
result: 
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I' 

0 
5 
LO 
L5 
20 
25 
30 
35 
10 
15 


e  =  0.72 


50 
55 
60 
65 
70 
7.7 
80 
85 
90 


•  l  012882 
0.866245 
0.68251  1 
0.496646 
0.303366 

+  0.107266 

-0.087135 
0.276233 

-0.453425 


c  =  0.72 

0.559176 

0  103687 
■  0.379255 

0.899073 
L.175027 
1 .305755 
1.345358 

1  322269 
L.252687 

i  17068 

These  numbers  make  the  value  of  the  definite  integral 
H0.024026  Bj  interpolation  between  the 
results  for  e  =  0.7  and  e  =  0.72,  it  is  concluded  that 
e  =  0.7073  would  make  the  definite  integral  vanish;  thus 
we  adopt  e  =  sin 45  .  and  with  this  Fig.  I.  exhibiting  the 
synodic  orbit,  lias  been  constructed.  But  to  establish  the 
:   more  firmly,  the  value  of  the  definite  integral  was 

e  =  sin  4*i 

+  1.46880 

1 .59050 

L.59338 

1.45842 

1.1  SUM 

0.78321 

+  0.28601 

-0.25444 

—  0.77550 

These  numbers  make  the  value  of  the  definite  integral 

1  '81,  which  seems  to  show  that  the  desired  \alue  of 

Is  sin  45°. 

To  see  whether  the  other  three  arrangements  of  the  ele- 

bring  aboul    periodic   solutions  in  the  case  of 

the  Hecuba  type  of  minor  planet,  the  value  of  the  definite 

integral    has    been   computed,   in   the    first  instance,    for 

e  =  0.7.  but  with  Jupitt  r  in  aphelion  instead  of  perihelion 

hum  1 1  ical  conjunction,  and,  in  the  second 

instance,   for    e  =  0.2056,    bul    with   the  aphelion   of  the 

minor  planet  in  conjunction  with  the  perihelion  of  Jupiter, 

ich  amounts  to  the  same  thing,  the  computation  is 

with  e  =  —0.2056.     The  details   of  these  calcula- 

i  iwn  : 


£ 

e  =  sin  r> 

- 

0 

0  L7489 

100 

L0 

0.19121 

110 

20 

0.21  189 

120 

30 

0.18993 

130 

10 

—0.07980 

140 

50 

+  0.11845 

150 

en 

0.37672 

160 

:<» 

0.68259 

17(1 

80 

0.98628 

180 

90 

+  1.25652 

95 
L00 

1 1 15 
lit) 
LI  5 
L20 
1 25 
130 
L35 


e  =0.72 

0 614318 
0.757217 
0.874217 
0.961737 
l.i 1 1 L920 
L.019747 
0.981329 
0.892546 
-0.753961 


V 

1  Hi 

I  15 

I.Mi 

1 55 

L60 

L65 

17H 

17.7 

ISO 


e  —  0.72 

-0.573594 
0.370910 
0.179530 
0.04  L604 
0.010630 
0.098793 
0.274107 
0.379638 
0.243223 


computed  for  e  =  sin 45°,  this  time  making  c  the  indepen- 
dent variable  instead  of  V.  In  this  method  it  is  only 
necessary  to  multiple  the  former  expression  for  the  quantity 

under  the  integral  sign  by     .     This  method  undoubtedly 

has  advantages  over  the  method  with  V  as  independent 
variable.     Details  of  the  result  are 


£ 

e  =  sin  45° 

£ 

e  =  sin  45° 

I'.HI 

-1.21  lso 

280 

-0.08244 

200 

L.50660 

290 

0.11638 

210 

1.61982 

300 

0.16077 

220 

1.53837 

310 

0.18694 

•.'::u 

1.28591 

320 

0.18122 

240 

0.92743 

330 

0.15205 

250 

0.55782 

340 

0.1  ITS  7 

260 

0.27157 

350 

0.08509 

270 

-0.11727 

360 

-0.07512 

e  =  0.7      e  =      0.2056 


0.44  L167 

•  0.210407 

0.906778 

L.106777 

I  096926 

0.967681 

0.752428 

0.469796 

+0.136597 

-0.226700 


31939 

24.77975 

21.62186 

L6.83959 

11. 02  10.7 

7.57606 

1.33151 

2.00845 

0  78334 

+   0.41958 


V 
100 

110 

I  21 1 
130 
1  L0 
l  51 1 
160 
170 
180 


Fig  4. 


0.549 
0  33540 


The  value  of  the  definite  integral,  in  the  Brsl   instance,  is 

0.107769,  which,  as  it   is  more  decidedly  negative  than 


when  Jupiter  was  in  perihelion,  leads  us  to  think  that  a 
larger  value  of  e  than  sin  45°  is  necessary  for  a  periodic 
solution  in  this  arrangement  than  in  the  case  we  have 
worked  out,  and,  perhaps,  it  may  not  exist.  In  the  second 
instance,  the  line  of  apsides  continually  advances,  and 
plainly  it  does  so  all  the  way  from  e  =  0  up  to  the  point 
where  the  minor  planet  passes  through  the  perihelion  po- 
sition of  Jupiter,  when  the  motion  becomes  infinite:  hence 
no  periodic  solution  is  to  be  looked  for  in  this  direction. 

The  figure  shows  that,  al- 
though the  minor  planet 
crosses  the  orbit  of  Jupiter 
four  times  every  synodic  rev- 
olution, it  keeps  well  out  of 
the  way  of  the  latter  planet. 
Thus  the  periodic  perturba- 
tions must  be  quite  small, 
prohabh  no  coefficient  of  any 
pen. i, lie  term  in  the  longitude 
exceeding  200",  with  corre- 
spondingly small  inequalities 
in  the  radius.  The  circum- 
stance that  the  two  planets 
change  the  order  of  their  dis- 
tance from  the  Sun  is  no  bat- 
to  the  representation  of    the 
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coordinates  of  the  minor  planet  by  periodic  series.  The 
elaboration  of  the  latter  for  the  periodic  solution,  just 
treated,  is  far  easier  than  in  the  general  case  involving 
Lindstedt's  series.     But,  as  Nature  affords  us  no  example 


of  this  periodic  solution,  perhaps,  the  labor  would  be  un- 
warranted. However,  hints  might  be  suggested  in  its 
course,  profitable  for  the  more  complicated  case. 


NOTE    ON    THE    COMPARISON   OF    PHOTOGRAPHS   WITH    MERIDIAN    CATA- 
LOGUES.    A   REPLY   TO   REMARKS   BY   PROFESSOR  LEWIS   BOSS 
IN   ASTRONOMICAL    JOURNAL,   NO.  517, 

By  H.  H.  TURNER. 


It  was  with  considerable  surprise  that  I  read  the  remarks 
of  Professor  Lewis  Boss  in  his  "  Note  on  the  Magnitude- 
Equation  in  It.  A.  for  the  Cambridge  A.G.  Zone  and  for  the 
recent  Bonn  Observations."  I  can  only  think  that  his  great 
experience  in  the  comparison  of  one  meridian  catalogue  with 
another  has  led  him  to  overlook  the  essential  difference 
which  arises  when  we  are  dealing  with  a  photographic 
catalogue  derived  from  a  series  of  plates  each  of  which 
covers  a  comparatively  small  region  of  the  sky,  and  is 
treated  separately.  Speaking  generally,  the  question  of 
precession  does  not  arise  in  such  a  case,  and  accordingly 
the  principal  set  of  corrections  which  Professor  Boss  pic- 
poses  to  apply  are  quite  irrelevant.  Parallactic  motion 
might  have  been  applied,  but  its  amount  in  the  mean  of  a 
number  of  plates  extending  over  12h,  even  admitting  the 
existing  irregularity  of  stellar  distribution,  is  negligible. 
Professor  Boss's  remarks  upon  proper  motions  are  con- 
ditional upon  the  interpretation  of  a  certain  paragraph  in 
my  paper  which  he  finds,  to  my  regret,  of  ambiguous  mean- 
ing; when  it  is  read  as  I  meant  it  to  be  read  his  criticism 
no  longer  applies. 

Perhaps  I  may  take  the  last  point  first,  as  it  involves  a 
simple  matter  of  fact.  The  paragraph  from  my  paper 
which  is  the  subject  of  criticism  stands  as  follows  (M.N., 
LX,  p.  4) : 

"  In  column  III  is  given  the  mean  photographic  correction  to  the 
Cambridge  I!.  A.  For  the  first  three  groups  the  number  of  stars  is  so 
small  that  the  results  must  not  be  treated  too  seriously.  Proper  mo- 
tions have  been  applied  (taken  from  the  Greenwich  Catalogue,  1S80.0) 
for  the  interval  between  the  Cambridge  and  Oxford  observations, 
though  in  the  other  groups  P.M.  has  been  treated  as  accidental  error." 

The  meaning  these  words  were  intended  to  have  was 
that  proper  motions  have  been  applied  to  stars  in  the 
first  three  groups,  though  in  the  other  groups  proper  mo- 
tion has  been  treated  as  accidental  error.  I  am  sorry  this 
was  not  clear,  though  but  for  Professor  Boss's  finding  a 
difficulty  I  confess  I  should  have  thought  it  clear  enough ; 
especially  when  the  first  three  groups  are  marked  in  a  dif- 
ferent way  in  the  diagram ;  and  when  they  are  so  conspicu-» 
ously  different  in  number  of  stars  —  4,  7,  9  as  against  38 
for  the  next  group.  Surely  Professor  Boss  might  have 
given  me  the  benefit  of  the  doubt,  if  there  was  one. 


But  now  that  the  doubt  is  removed,  his  remarks  about  a 
correction  of  0S.012  (see  the  middle  of  the  second  column 
of  p.  102,  A.  J.,  No.  517)  only  apply  to  the  first  three  groups, 
which  are  by  declaration  "not  to  be  treated  too  seriously ; " 
the  other  groups  do  not  require  any  correction. 

Next  as  regards  parallactic  motion;  taking  Professor 
Boss's  expression 

+  0-.017  sin(«  +  85°) 

we  have  to  consider  what  the  mean  value  from  0h-12h  of 
this  is  likel}-  to  be  when  the  stars  are  irregularly  distrib- 
uted. Immediately  following  my  paper,  is  one  by  Mr.  F. 
A.  Bellamy,  showing  the  kind  of  distribution  of  the  stars 
in  right-ascension.  The  stars  we  are  considering  (viz. :  those 
observed  at  Cambridge  on  the  meridian)  are  approximately 
those  in  the  DM.,  and  we  may  take  from  the  diagram  3  on 
plate  2  (opposite  p.  16,  JLX.  LX)  the  following  approxi- 
mate numbers  representing  irregularity  of  distribution  about 
zone  +26°  : 


Xo.  of 

Value  of 

i  =  R.A. 

Stars 

sin(a+85°) 

Product 

h       h 

0-    1 

11 

+  1.00 

+  11 

1-  2 

11 

+  0.95 

+  10 

2-  3 

12 

+0.84 

+  10 

3-  4 

15 

+  0.68 

+  10 

4-  .-> 

1'.) 

+  0.46 

+   9 

5-  6 

23 

+  0.22 

+   4 

6-  7 

25 

-0.04 

-  1 

7-  S 

18 

-0.30 

—  5 

8-  9 

14 

-0.54 

-   8 

9-10 

10 

-0.74 

—   7 

10-11 

9 

-0.89 

-   8 

11-12 

8 

-0.98 

-   8 

Total 


175 


+  i; 


Thus  the  mean  value  of  +0S.017  sin(«  +  85°)  with  the  dis- 
tribution above  assumed  is  less  than  0S.002.  To  prevent 
misconception,  I  should  say  that  this  result  is  only  illus- 
trative; it  does  not  actually  apply,  because,  first,  the  DM. 
contains  many  stars  not  observed  in  Cambridge;  and 
secondly,  the  correction  for  parallactic  motion  depends  on 
the  distribution  of  bright  stars  and  faint  stars  separately, 
while  we  have  taken  all  together.  But  it  shows  the  kind 
of  diminution  of  the  coefficient  +0'.017  which  we  may  ex- 
pecl  "it  the  average  of  a  series  extending  over  12h  in  R.A. 
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Milium  i"ii  of  1  bo  LO,  sufficient  to  render  this  i 

dready  a  small  one,  oJ  dimensions  which  I  at  anj 
rate  meant  deliberately  to  neglecl  in  the  provisional  dis- 
cussion. 

ling  now  to  precession,  there  is  a  vital  difference  be- 
tween Profes       B  >ss  and  myself.     Le1  me  statethe  rase 
thus.     About  1880  some  meridian  observations  were  made 
determine  the  plai  es  of   i  ertain  stars  of 
differ  M      diaii  observations  arc  made  by 

otal ion  of  t he   Earl h  on  its  axis,  and  t be  i 

ire   thus    referred   to  the  position  of  the 
Earth's  axis  in  1880,  oi  thereabouts.     Subsequently  we  are 
going  to  photograph  some  or  all  of  bhese  stars;  bul  in  tak- 
photograph,  i  oi  bhe  Earth,  Ear  from  being 

a  help,  is  a  positive  nuisance.  It  has  to  be  compensated 
by  delicate  machinery,  and  it  leads  bo  confusion  in  the  cal- 
culations. After  securing  our  meridian  observations  in 
1880,  let  us  n  the  Earth  altogether  and  substi- 

body  fixed  in  space.     As  we  have  disposed  of  proper 
eluding  that  of  the  Sun  i  independently,  we  can 
suppose  them  all  zero;   i.e.,  we  can  imagine  the  stars  all 
absolutely  fixed,  and  bhat  we  arc  henceforth  bo  photograph 
them  from  a  standpoint  fixed  in  space.     Hence,  whenever 
we  take  a  photograph  we  gel  the  same  picture,  whether  10, 
LOO  or  loon,  or  any  number  of  years  after  1880.     We  have 
no  reference  points  or  lines  on  the  photograph  beyond  the 
bhemselves;  thi  re  is  no  north  or  south  on  it,  and  cer- 
tainly  no    information    about    its    right-ascension.      Tt   is 
merely  a    picture,   of   winch   the   orientation   and   even    the 
scale  are  unknown.     Bui    when   we  compare  it    with  the 
■  f  t  he  sia rs  red  at  <  lambridge  in  1 880, 

we  can  assign  a  north  and  south  as  they  were  in  1880;  we 
can  say  what  was  the  right-a  cen  ion  and  declination  of 
each  ~i  I SSi i  n  thesi  exactly  if  the  <  lam- 

bridge observations  are  perfect;  and  if  they  are  not  per- 
fect, we  can  do  it  approximately,  fitting  measures  made  on 
1  tmbridge  places  by  a  least-square 
solution,  the  residuals  of  which  will  give  us  the  systematic 
errors  of  Cambridge.  Lei  us  call  bhe  place  of  any  -tar  at, 
Cambridge  in  1 880.0  (|,  rj) ;  where  (£,  jy)  correspond  nearly 
bo  right-ascension  and  declination  (1880.0),  but  are  trans- 

i  in  the  well  known  manner  SO  as  to  represent  rec- 
tangular coordinates.  Lei  us  call  corresponding  measures 
on  the  picture,  taken  ;m\  number  of  years  afberwards,  (x,  y) ; 

ippose  that  by  a  least-square  solution  we  have  Pound 
axes  of  x  and  y  bo  correspond  to  bhe  Cambridge  (1880.0) 
axes.     Then  we  have 

x  =  £  +  r     ,     ii  =  rj  +  s 

where  /•  and  s  represent  residuals  for  individual  stars,  which 
are  all  small,  and  have  mean  value  zero.  The  discussion 
of  r  and  s  according  to  magnitude  would  tell  us  about  bhe 
Cambridge  " magnitude-equation ; "  and  wheneverthe  pho- 


bograph  wa  baken,  r  and  s  would  be  just  the  same.  The 
Earth  and  its  precession  have  been  abolished,  and  cannol 
possibly  altect  the  discussion. 

Next,  let  us  suppose  that,  before  comparing  the  Cam- 
bridge places  with  the  photograph,  we  made  a  transforma- 
tion of  axes,  so  that  the  coordinates  of  the  star  are  now 
represented  by  (i'rj1)  «  here 

$'  =  a  +  $  cos  6  —  -q  sin  6     ,     rj'  =  b  +  £  sin  6  +  rj  cos  6 

(a.b)  representing  an  arbitrary  change  of  origin,  and  6  an 
arbii rary  change  of  orientation.  If  we  select  axes  of  (x'y1) 
as  before  to  fit  (i'rj1)  1>\  a  least-square  solution  it  can  easily 
he  shewn  thai  we  shall  reproduce  exactly  bhe  same  changes 

in  i  xy  i  as  w  e  ha\  c  made  in  ($rj),  i.e.,  we  shall  have 

x'  =  a  +  .7-  cos  0  —  [i  sin  6     ,     ?/'  =  b  +  x  sin  6  +  y  cos  6 

and  thus  .<•'   =  £'  +  ;■'      ,      y<  =  -q'  +  s' 

where     ;•'  =  r  cos  6  —  s  sin  8     ,     .?'  =  r  sin  6  +  s  cosO 

If  6  is  a  small  angle,  so  that  r  sin  6  and  .ssin0  maybe 
neglected,  t  hese  last  become 


That  is,  for  any  change  of  origin,  and  for  any  moderate 
change  of  orientation,  we  get  the  same  residuals  as  before; 
and  hence  the  same  "  magnitude-equation,"  etc. 

Among  such  general  changes  of  axes  we  may  include  any 
desired  change  connected  with  methods  m  use  before  the 
Earth  was  abolished.  If,  for  instance,  it  was  considered 
desirable  to  refer  the  Cambridge  meridian  observations  to 
axes  favored  h\  Mr.  Smith  or  Mr.  Jones,  however  erro- 
neous, provided  only  that  the  change  of  orientation  proposed 
by  either  of  these  gentlemen  were  not  too  large,  we  could 
do  this  without  in  any  way  altering  our  residuals,  or  the 
deduced  magnitude-equation.  And  now  I  remark  that  the 
change  of  orientation  produced  by  precession  in  twenty 
years  at  declination  +.'10°  is  about  4!,j  in  circular  measure, 
which  is  sufficiently  small  to  allow  us  to  neglect  r$  and  s$. 
For  instance,  a  residual  even  of  10"  in  one  coordinate  would 
only  be  introduced  into  the  other  as  i\:\t"  or  0".02.  [It  may 
be  remarked,  in  passing,  that  in  hi>j!<  declinations,  we  must 
keep  a  watch  on  this  intermixture  of  errors  of  right-ascen- 
sion and  declination,  not  only  in  applying  precession,  but 
originally  in  forming  (£,  rj),  which  no  longer  correspond 
closely  to  right-ascension  ami  declination.] 

Hence,  we  may  make  that  particular  change  of  axes 
which  corresponds  t"  bringing  up  the  Cambridge  meridian 
places  for  1880.0  tn  the  epoch  1900.0,  using  any  constant 
el  precession  we  please,  provided  it  is  of  the  same  order  of 
magnitude  as  50"  (say,  for  instance,  55"  or  60",  or  even 
400"),  and  we  shall  not  in  any  way  interfere  with  our  dis- 
cussion of  magnitude-equation. 

Again,  the  epoch  when  the  photograph  is  taken  has 
nothing  whatever  to  do  with  the  application  of  precession. 
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Lest  I  should  seem  to  be  stating  too  obvious  a  fact,  let  me 
quote  Professor  Boss's  words  (A.J.,  No.  517,  p.  101,  col.  2)  : 

"  Professor  Ti'kxer  employed  Stkuve's  precession  in  reducing 
Cambridge  positions  from  about  1S80  to  about  1895.'1'' 

The  italics  are  mine.  I  take  it  that  Professor  Boss 
means  by  "  about  1895"  the  epoch  when  the  photographs 
were  taken,  as  he  uses  the  words  lower  down  in  the  same 
column  in  connection  with  proper  motions.  In  this  latter 
connection  the  epoch  would  of  course  have  a  significance; 


but  in  connection  with  precession  it  has  none  whatever,  as 
above  stated;  and  as  a  matter  of  fact  precession  was  ap- 
plied to  reduce  the  Cambridge  places,  not  to  "  about  1895," 
but  to  1900.0  definitely  merely  as  a  matter  of  convenience; 
and  the  same  thing  might  have  been  done  without  any  real 
inconsistency  if  the  photographs  had  been  taken  in  1995. 

In  short,  I  cannot  accept  any  of  the  conclusions  of  Pro- 
fessor Boss's  paper  as  they  stand.  Is  it  that  he  is  under 
some  misconception  as  to  the  manner  in  which  photographs 
are  taken  or  treated  ? 


ON   THE   APPKOXBIATE   MEAN   PAR 

By  J.  G. 

In  studying  the  directions  of  the  motions  of  a  large 
number  of  stars,  one  will  naturally  expect  to  discover  a 
preponderating  tendencyr  to  move  away  from  the  apex  of 
the  solar  motion.  A  large  percentage,  moreover,  of  the 
motion  of  stars  which  fall  in  this  class  is  certainly  paral- 
lactic. If  we  can  tell  what  proportion  of  the  total  move- 
ment is  parallactic,  we  can,  of  course,  determine  the  actual 
mean  parallax  of  the  group  under  consideration  as  a  whole, 
assuming  the  rate  of  the  sun's  motion  to  be  known. 

Out  of  2400  stars  I  find  405,  the  direction  of  whose 
motion  differs  by  less  than  15°  from  that  towards  the  anti- 
apex.  This  is  more  than  twice  the  number  that  should 
lie  within  these  limits  were  the  directions  equally  dis- 
tributed. These  405  stars  were  divided  into  two  groups 
according  to  magnitude.  Group  I  including  stars  of  seventh 
magnitude  and  brighter,  and  Group  II  stars  fainter  than 
seventh.     The  following  table  shows  the  distribution. 

Table  I. 

Group      >"o.  Stars     Mean  Mag.  Mean  Motion 

I  206  5.7  o!'siO 

II  199  S.l  0.304 

The  mean  motions  in  the  table  are  the  actual  proper 
motions  divided  by  the  sine  of  the  apical  distance,  and  no 
stars  are  included  nearer  the  apex  than  30°.  Evidently 
the  amount  of  motion,  and  presumably  the  distance  of  these 
stars,  is  virtually  independent  of  the  magnitude.  We  may 
therefore  treat  the  two  groups  together. 

In  order  to  form  some  idea  of  what  proportion  of  this 
motion  may  be  considered  parallactic  I  have  proceeded  in 
the  following  manner.  Of  the  405  stars  there  are  59  with 
motion  less  than  0".125,  133  stars  with  motions  between 
0".125  and  0".200,  85  stars  with  motions  between  0".200 
and  0".300,  and  the  remaining  128  have  motions  exceeding 


A.LLAX   OF   A   GROUP   OF  405   STARS, 

PORTER. 
0".300.  The  average  motions  for  each  class  are  given  in 
Table  II.  It  is  safe  to  assume  that  in  the  first  class  the 
actual  motions  to  and  from  the  apex  are  nearly  equal,  and 
practically  the  whole  resulting  movement  is  parallactic. 
For  the  fourth  class  I  assume  the  mean  parallactic  move- 
ment to  be  one-half  the  observed  movement.  For  the  other 
classes,  of  course,  the  parallactic  motion  will  fall  between 
these  values.     I  have  roughly  estimated  it  as  in  the  table. 


Table  II. 

Assumed 

Class 

Xo.  Stars 

A 

•er.  Motion 

Par.  Motion 

1 

59 

0.10 

0.10 

2 

133 

0.16 

0.13 

3 

85 

0.25 

0.17 

4 

128 

0.58 

0.29 

We  thus  find  for  the  average  parallactic  motion  of  all 
the  stars  0".185.  This  value  in  my  opinion  is  more  likely 
to  be  too  small  than  too  large.  The  resulting  parallax, 
taking  the  sun's  yearly  motion  as  four  radii  of  the  earth's 
orbit,  is  0".040,  a  quantity  considerably  greater,  according 
to  Kaptetn's  formula,  than  the  average  parallax  of  second 
magnitude  stars,  the  mean  magnitude  of  these  stars  being 
6.9.  Even  should  we  reduce  our  estimate  of  the  parallactic 
motion  to  one-half  the  total  motion  for  all  the  stars,  we 
still  get  an  average  parallax  of  nearly  0".O4. 

In  this  investigation  the  apex  was  taken  at  IS1' 35m,  +45°, 
but  I  do  not  anticipate  that  a  shifting  of  its  position  further 
to  the  south  would  appreciably  alter  the  results.  While  it 
has  long  been  recognized  that  stars  with  considerable 
proper  motion  are,  on  the  whole,  nearest  to  our  system, 
still  I  venture  to  think  that  this  approximation  to  the 
average  parallax  of  so  large  a  group  will  not  be  without 
interest. 


Cincinnati  Observatory,  1902  March  12. 
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Till:    A.BBREATION-COWSTANT    FROM     DAVIDSON'S 

OBSERVATIONS, 

B:   S.  C.  CHANDLER. 


SAN     FRANCISCO 


\s   the   l" -'    way    t"  settle  the  point    in   discussion  in 
.I.-/.  517  and  518  1   have  redetermined  the  aberration  from 
Davidson's   ol  servations   by   what      coins   to   inc   an   unoli- 
i.  and  find 

20".555  ±  0".021  (p.e.) 

The  details  will  be  printed  as  soon  as  is  consistent  with  the 
Lence  that  must  be  given  to  articles  bj  other  contrib- 
utors. 

The  above  value  seems  to  confirm  my  surmise  that  a  cor- 
rect solution  would  considerably  increase  the  result  (20".  182 
±  0".033)  of  the  Coast  Survey  discussion.  1  heartih  con- 
cur with  Prof.  Newcomb  that  it  is  very  desirable  that  that 
discussion  should  be  revised  with  the  amendment  of  his 
method  he  now  proposes,  to  see  if  it  verifies  the  present 
ition. 

With  regard  to  my  criticism  of  the  method  used  for 
Waikiki,  which  Prof.  N*ewcomb  finds  obscure,  1  regret  that 
he  asks  something  beyond  my  ability  in  requiring  that  I 
shall  make  it  (dearer.  I  have  tried  hard  to  do  so  but  fail 
to  compass  a  more  limpid  statement.  However,  fortu- 
nately the  matter  is  not  important,  since  here  also  I 
concur  with  him  that  the  aberration  is  practically 


indeterminate  from  this  series.  It  is  too  ill-conditioned 
for  the  purpose,  but  by  the  same  token  absolute  correctness 
of  process  would  be  essential  in  any  attempt  of  the  sort  ; 

which  is  exactly  my  point. 

The  concluding  paragraph  of  Prof.  Newcomb's  article 
involves  a  question  far  more  important  than  the  mere 
numerical  results  of  these  two  series  of  observations.  Its 
extreme  interest  lies  in  the  fact  that  a  score  of  aberration- 
determinations  have  been  published  —  to  which  1  can  add 
half  a  dozen  of  my  own  computation  not  yet  printed  — 
i  •(  mil  iic  ted  on  principles  which  he  thinks  can  be  supplanted  by 
better  ones.  Any  value  of  the  aberration  that  may  be  finally 
agreed  upon  generally  by  astronomers  for  future  conven- 
tional use  —  and  we  are  rapidly  Hearing  the  point  wdien 
the  balance  can  be  struck  and  this  decision  can  be  made  — 
must  rest  in  very  large  part  on  the  testimony  oi  these  and 
similar  undertakings  now  under  way.  The  best  mode  of 
utilizing  to  this  end  this  vast  body  of  observations  is  a 
paramount  element  in  the  settlement  of  this  burning  ques- 
tion. Therefore,  if  the  demonstration  of  which  Prof.  New- 
comb  speaks  will  lead  to  improvement  of  the  present 
method  of  dealing  with  this  material,  he  will  confer  a  great 
service  on  astronomy  by  elucidating  it. 


EPHEMERIS  OF  MINIMA  OF  TIIF  ALGOL-TYPE  VARIABLE  (6927)  — SAGITT, 
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ON  THE  PARALLAX  AND  PROPER  MOTION  OF  NOVA   PERSEI, 

By  F.  L,  CHASE. 


The  distance  of  Nova  Persei  has  an  added  importance 
since  the  discovered  changes  in  the  nebula  surrounding  it, 
as  furnishing  evidence  as  to  the  true  explanation  of  these 
changes.  Immediately  after  the  discovery  of  the  Nova  I 
began  a  series  of  observations  with  the  Yale  heliometer  for 
the  purpose  of  determining  its  parallax. 

A  provisional  solution  was  made  from  the  first  six 
months'  observations,  and  the  results  presented  at  the  Den- 
ver meeting  of  the  A.AA.S.  in  August  last.  Further  ob- 
servations have  now  been  made,  extending  the  period  to 
an  entire  year,  and  I  present  here  a  more  complete  deter- 
mination. 

The  comparison-stars  selected  were  DM.  +  43°720  (a  >  and 


DM.  H-43°766  (6),  the  distances  from  the  Nova  being  ap- 
proximately 2900"  and  2700",  and  the  position-angles  about 
252°  and  94°  respectively,  thus  constituting  a  fairly  sym- 
metrical pair.  The  magnitudes  of  these  stars  are  7.4  and 
8.0  according  to  the  Bonn  Durchmusterung,  or  7.9  and  S.5 
according  to  the  A.  G.  Catalogue.  The  Nova  was  screened 
down  to  about  these  magnitudes  during  the  earlier  obser- 
vations.    In  the  later  series  no  screen  was  necessary. 

The  observations  are  brought  together  in  the  following 
table,  in  which  are  given  also  the  sums  of  the  distances 
and  the  distance  a  A.  the  use  of  which  distance  will  be  ex- 
plained later : 


Dist, 

Dist. 

Date 

Sid.  Time 

Def. 

Temp. 

from  a 

from  1) 

Sum 

Dist.  a  b 

1 

1901  Feb. 

24 

h        m 

8  52 

•_; 

-3 

15° 

23L348 

212.672 

1  1  1.020 

R 

o 

25 

8  4S 

2 

-3 

26.5- 

.383 

.7(15 

.088 

3 

26 

8  57 

3 

23 

.349 

.681 

.030 

436.399 

4 

27 

8  45 

2 

17 

.399 

.710 

.109 

.409 

5 

2S 

8  40 

2 

-3 

17.5 

.366 

.683 

.(»19 

.388 

6 

Mar. 

7 

8  41 

2 

25 

.366 

.694 

.060 

.397 

7 

18 

8  50 

3 

36 

.374 

.729 

.103 

.438 

8 

L901  July 

19 

22   46 

3 

66 

231.386 

212.714 

444.100 

436.415 

9 

21 

22   .'19 

2 

74 

.366 

.700 

.066 

.407 

10 

23 

22    19 

1 

_o 

66 

.376 

.7(19 

.085 

.407 

11 

07 

23     1 

o 

-3 

61.5 

.375 

.7(1(1 

.081 

.396 

12 

30 

22  52 

1 

_2 

7:; 

.380 

.696 

.076 

.418 

13 

Aug 

1 

23     3 

3 

61 

.378 

.705 

.083 

.400 

14 

4 

23     5 

3 

63.5 

.358 

.701 

.059 

.404 

15 

1901  Dec. 

10 

6  57 

3 

13 

231.350 

212.000 

444.010 

136.381 

10 

is 

8     5 

3 

8.5 

.378 

.693 

.071 

.367 

17 

19 

S    .".5 

3 

11.5 

.349 

.699 

.048 

.367 

18 

20 

8  32 

3 

12 

.380 

.7((ii 

.080 

.358 

19 

1902  Feb. 

0 

8     3 

2 

16 

.375 

.697 

.072 

.377 

20 

7 

7   50 

2 

19.5 

.356 

.7(>(i 

.056 

.365 

21 

9 

8  11 

2 

-3 

24 

231.365 

212.692 

144.057 

i:;o.:;os 

Means      444.067     436.393 

After  observing   the  star   the  first  two   nights    it  was  I   the  distance  a  b,  which,  would  furnish,  an  independent  scale 
thought  it  might  be  a  good  plan  to  observe  each  night  also  |   value,  and  it  was  thought  that  we  might  thus  make  an  in- 
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.•.■in    solution  of  the   parallax  from  each  stai 
,  and  thus  see  if  there  is  any  marked  difference  in 
uallaxes  of  the  comparison-stars.     A  clo  ei 
gation,  however,   by   Dr.   Kims    later,    showed    thai    this 
method  would  involve  the  parallaxes  of  the  compa 
stars  in  essential!)   the   same   manner  as  the  usual  method. 
Hence,  although  practically  nothing  is  to  be  gained  in  this 
wa\  1>\  the:  tanci         .1  nevertheless  eontiimed 

to  observe  it  each  night  throughout  the  work  in  order  to 
make  all  of  the  observations  as  exactly  comparable  as  pos- 
sible; '  alter  of  a  little  interest  I  have  carried  out 
a  second  solution,  exactly  like  the  tirst.  except  that  instead 
of  assuming  the  scale  value  for  each  night  to  be  determined 
h\  the  sum  of  the  distances.  1  have  in  Sol.  II  assumed  it  to 
he  determined  by  the  value  of  ah  for  that  night. 

From  the  above  observations  I  have  formed  the  dif- 
ces  of  the  distance  of  the  Nova  from  each  of  the 
comparison-stars,  the  corrections  to  be  applied  to  these 
ences  each  night  For  the  change  of  scale  value  (assum- 
ing for  Sol.  II  a  vanishing  correction  for  the  first  two 
nights  i.  and  the  corrected  differences.  These  are  given  in 
the  following  table : 


Difference 

Scale  Corr. 

Corr.  Diff. 

Corr.  Diff 

1 

II 

I 

11 

1 

is  676 

+  2 

0 

is  678 

18.676 

2 

.678 

-1 

II 

.677 

.678 

3 

.668 

+2 

0 

.67(1 

.668 

-1 

.689 

■> 

-1 

.687 

.688 

.-, 

.683 

+  1 

II 

.684 

.683 

6 

.672 

0 

(1 

.672 

.672 

7 

.645 

-2 

-2 

.64:5 

.643 

8 

18.672 

-1 

-1 

18.671 

18.671 

9 

.666 

it 

-1 

.000 

xx,r, 

10 

.007 

-1 

-1 

XXX, 

.666 

11 

.669 

-1 

0 

.668 

.669 

12 

.684 

0 

-1 

.684 

.683 

L3 

.673 

-1 

II 

.672 

.67:; 

1  1 

.657 

ii 

II 

.657 

.657 

L5 

L8.684 

+  2 

+1 

IS.6S6 

18.685 

L6 

.685 

ii 

+  1 

.685 

.686 

17 

.650 

+  1 

+  1 

.651 

.651 

18 

.680 

-1 

+  1 

.67'.! 

LSI 

19 

.678 

n 

+1 

.678 

.679 

-it 

.656 

0 

+  1 

.656 

.67.7 

L'l 

1S.67.-5 

0 

+  1 

18.673 

18.674 

Assumed  mean  corr.  diff. 


18.672 


18.672 


I    .  nee    gi   •    rise  to  the  equations  of 

condition  given  below,  in  which  ./■  is  the  correction  to  the 
assumed  mean  difference,  and  y  and  z  the  parallax  and 
proper  motion  of  the  Nova,  both  relative  to  the  comparison- 
lu  the  last  column  are  given  also  the  residuals 
derived  from  Sol.  I,  those  from  Sol.  II  never  differing  more 
than  two  units  in  the  last  decimal  used. 


11. .'i  vnoNs  oi 

CONDITII 

N. 

Residuals 

I 

II 

1 

1 

+  1.110.,- 

l  89  > 

+0.15  a 

=+0*006 

+  o'.'ooi 

+o!oo4 

2 

LOO 

1.88 

0.15 

+    .005 

1    .006 

+  .004 

3 

l.iio 

1.88 

n.15 

-  .002 

-     .004 

,003 

1 

1.00 

L.87 

0.16 

+   .015 

+   .016 

+    .014 

5 

LOO 

1.86 

0.16 

+   .012 

+    .011 

+    .(111 

6 

LOO 

L80 

0.18 

.000 

.000 

-   .001 

7 

LOO 

1.65 

0.21 

-   .029 

-    .029 

-   .030 

8 

+  1.00  a- 

+  1.74,/ 

+  0.55  a 

=  —0.001 

-0.001 

+  0.001 

9 

1 .00 

1.78 

0.55 

-  .006 

-    .007 

-   .003 

10 

LOO 

1.80 

0.56 

-  .006 

-   .006 

-   .003 

11 

l.nii 

l.NI 

0.57 

-   .004 

-   .003 

-   .001 

12 

1.00 

1.87 

0.57 

+   .012 

+   .011 

+   .015 

13 

LOO 

1.89 

0.5S 

.000 

+   .001 

+   .003 

14 

LOO 

1.92 

0.59 

-   .015 

-   .015 

-   .012 

15 

+  1.00  a- 

-0.92  y 

+  0.95.- 

=  +0.014 

+  0.013 

+  0.014 

16 

1.00 

0.98 

0.96 

+   .013 

+   .014 

+   .013 

17 

1.00 

1.01 

0.96 

-   .021 

-   .021 

-   .020 

18 

1.00 

1.03 

0.97 

+   .007 

+   .009 

+    .007 

19 

1.00 

1.91 

1.10 

+   .006 

+   .007 

+   .006 

20 

1 .00 

1.92 

1.10 

-   .016 

-   .015 

-   .016 

21 

1.00 

1.93 

1.11 

+  0.001 

+  0.002 

+  0.001 

These  twenty-one  equations  of  condition  reduce  to  the 
following  three  normals  : 

I  II 

+  21.00.,-   -   9.09,/   +12.282  =    -01)090,  or     -o'.0070 

+  62.09 ',/   -   4.94s   =    -0.0507,  or      -0.0531 

+   9.79  s   =    -0.0094,  or      -0.0044 

which,  solved,  give  the  following  values: 


x  =  -0.0001    ±0.0036  or 
y  =  -0.00093  ±0.0011  or 


0.0009    ±0.0036     Wt.    5.39 
0.00098  ±0.0011       ••     57.42 
-0.0013    ±0.0052  or   +0.0015    ±0.0052       "       2.60 


(I)  [>;,]  =  0.002881         [>,•]  =  0.002813 

Prob.  error  1  eq.  =  ±0*0084  or   ±0".107 

(II)  [n»]  =  0.002893         [»v]  =  0.002836 

I 'rob.  error  1  eq.  =    ±  o'.'()084  or    ±0".107 

The  value  of  y  from  either  solution  transformed  into  arc 

gives. 

w  =    _0".012       ±0".O14 

This  result,  based  upon  one  of  the  most  accordant  series 
of  observations  I  have  as  yet  been  able  to  make,  shows  the 
Nova  to  be  not  less  distant  than  the  comparison-stars  em- 
ployed, viz.  :  stars  of  approximately  the  eighth  magnitude  ; 
and  my  observations  further  indicate  that  there  is  no  percep- 
tible proper  motion  of  the  Nova  unless  we  assume  the  same 
motion  for  the  comparison-stars.  1  have  been  able  to  find 
only  the  first  mentioned  of  the  comparison-stars  in  an]  of 
the  catalogues  at  my  disposal  other  than  the  A.G.  Catalogue 
for  1875,  and  this  star  appears  to  have  no  appreciable 
proper  motion. 
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The  average  parallax  for  an  eighth  magnitude  star  is 
according  to  Kapteyn  +0".007,  so  that  the  absolute  paral- 
lax for  Nova  Persei  would  be 

,r  =   -0".0()o 

This  result,  when  we  consider  that  doubtless  some  small 


systematic  error  should  be  added  to  the  probable  error, 
±0".014,  above  found,  is  not  incompatible  with  the  value 
■k  =  +0".012,  deduced  by  Wolf,  on  the,  theory  that  the 
apparent  displacements  of  certain  condensations  of  the 
nebula  represent  a  velocity  equal  to  that  of  light  or  elec- 
triciiv. 


NOTES   OX  POGSON'S  OBSERVATIONS   OF    U QEMINOBUM,  T  SCOBPII,   AM) 

R  LIBRA/:. 

By  JOSEPH    BAXENDELL. 


Upon  the  death  m  1891  of  Mr.  N.  R.  Pogson,  the 
Government  Astronomer  at  Madras,  I  was  entrusted  (in 
accordance  with  a  request  he  had  expressed  a  short  time 
previously),  with  the  whole  of  his  observations  of  Variable 
Stars.  The  reduction  of  these,  on  the  lines  he  had  decided 
upon,  has  now  been  practically  completed,  and  the  results 
are  being  communicated  to  Prof.  G.  Muller  of  Potsdam. 

In  the  course  of  the  work,  three  matters  of  special  inter- 
est have  been  met  with. 

281  5.      I '  Gem  inorum. 

In  Mr.  Pogsox's  journal,  under  date  1856  March  20, 
appears  the  following  very  remarkable  entry  with  refer- 
ence to  this  singular  star,  —  an  entry,  indeed,  so  remark- 
able that  it  is  probably  without  a  parallel  in  the  history  of 
Variable  Star  Astronomy.  It  could  scarcely  be  received  or 
accepted  were  it  not  for  the  high  reputation  enjoyed  by  its 
author  as  an  able  and  reliable  observer.  It  is  possible  that 
the  note  may  have  been  published  by  Pogson  at  the  time, 
but,  if  so,  its  repetition  now  will,  I  think,  be  forgiven. 
The  entry  (which  is  very  clearly  written)  reads  thus  : 

'•  The  variable  subject  to  strange  fluctuations  at  intervals 
of  six  to  fifteen  seconds,  quite  to  the  extent  of  four  magni- 
tudes;  when  the  adjacent  stars  wTere  quite  steady  and  not 
at  all  twitching,  like  the  variable.  At  times  it  surpassed 
the  [comparison]  star  8.9,  at  others  it  quite  vanished.  A 
new  phenomenon  to  me  !  "Watched  it  for  half  an  hour, 
with  powers  54.  65,  and  95,  on  the  equatorial."  [At  Oxford, 
England.] 

On  the  succeeding  evening  (1856  March  27),  the  follow- 
ing note  was  made : 

"Light  [of  U~\  very  unsteady,  but  not  subject  to  such 
pulsations  as  were  seen  last  night." 

Various  observations  of  unsteadiness  were  recorded 
during  subsequent  years;  an  entry  under  date  L857  April 
15  may  be  quoted  as  being  typical  of.  but  rather  fuller 
than,  the  remainder  : 

"Slightly  flickering;  certainly  less  steady  than  the 
neighboring  stars,  but  not  varying  in  the  marked  manner 
previously  observed." 


But  on  certain  other  occasions  Pogson  describes  the 
light  of  the  variable  as  being  "quite  steady." 

U  Gem  inorum  has  always  been  regarded  by  the  older 
observers  of  variable  stars  as  a  kind  of  connecting  link  be- 
tween the  so-called  new  stars  and  the  ordinary  long-period 
variables.  An  instance  may  be  cited  of  the  rapidity  of  its 
rise  to  maximum  i  which  is,  I  believe,  a  feature  of  all  the 
maxima  of  this  star,  whether  belonging  to  the  short  or  the 
long-duration  types,  and  whatever  may  be  the  interval  since 
the  previous  one). 

On  1866  April  16,  U  was  of  the  loth  magnitude.  The 
following  dav  it  had  attained  its  maximum  brightness 
(9--10")! 

It  is  greatly  to  be  desired  that  some  suitably  equipped 
observatory  should  undertake  careful  spectroscopic  obser- 
vations of  U  Gem  inorum  during  its  rapid  rise  and  then 
more  gradual  decline. 

5826.     T  ScorpU. 

Upon  happening  to  observe  the  cluster  Messier  80  on 
1860  May  28  Pogson  found  that  it  presented  the  startling 
appearance  "  of  a  nebulous  star  of  7.6  magnitude."  It  sub- 
sequently transpired  that  the  outburst  had  been  discovered 
by  Auwees,  one  week  earlier.  On  May  9  Pogsox  had  per- 
ceived nothing  unusual  about  the  cluster.  By  June  10  the 
new  object  had  become  considerably  fainter.  It  is  com- 
monly believed  that  this  star  has  never  since  been  seen. 
Pogsox's  observations,  however,  appear  to  prove  that 
either  it,  or  some  other  star  (or  stars)  in  the  cluster,  exhibit 
irregular,  but  at  times  striking,  variations. 

On  1863  June  9,  what  we  must  at  present  term  T  ScorpU 
appeared  =  11.0  magnitude;  the  following  night  it  was 
scarcely  noticeable.  On  1864  January  30  nothing  was 
seen  of  it,  but  on  February  10  it  was  =  9.0  magnitude, 
and  on  March  5  =  9.3  magnitude.  Only  two  days  later, 
however,  it  had  fallen  below  11.5  magnitude.  Many  other, 
but  probably  less  striking,  variations  in  the  appearance  of 
Messier  80  are  recorded  by  Mr.  Pogson. 

56S8.     l!  Librae. 
It  has  been  generally  supposed  (at  any  rate  until  quite 
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5  I  that  tin-  period  of  this  star  is  longer  than  those 
of  all,  or  almost  all.  other  tolerably  regular  known  variables. 
It  would,  however,  seem  that  nearly  Eortj  years  ago,  Pog- 
son  became  aware  thai  such  was  not  the  case.     Instead  of 

i  nt  two  years,  the  star  possesses  one  oi  verj  slightly 
:;,.  Southport,  England,   1902  March  25. 


under  eighl  months.  Mr.  Pogson's  complete  series  of  ob- 
servations appear  to  prove  this  Lncontrovertibly.  The 
point  tends  to  still  further  emphasize  the  extraordinary 
circumstance  of  the  general  shortness  oi  the  periods  of  all 
variable  stars  that  are  known  to  be  periodic  at  all. 


AliKKKATION-COXSTANT    PROM     KASAN,    PRAGUE,    POTSDAM    AND 
SAN     FRANCISCO    OBSERVATIONS, 

By  s.  c.  CHANDLER. 


This  article  gives  the  determination  of  the  aberration- 
constant  from  various  series  of  observations  by  Tali  m  r's 
d  which  have  not   previously  been  utilized  for  this 
object;  or  from  which,  in  the  case  of  San  Francisco,  what, 
to  me  an  erroneous  value  has  been  derived. 
Before  giving  tin-  results  it   is  desired  to  explain  a  de- 
ire  from  the  customary   mode  of  calculation  of  tic 
cyclical   sum.    2A0,    of  the   aberration-factors   used   in  the 
known  equation 

2A,  .    II:  t-  2v  =  0 

|..r  finding  the  aberration-correction  by  Kustnek's  poly- 
gonal method.  The  process  usually  followed  is  a  tedious 
onee\>  the  reductions  from  true  to  apparent  decli- 

i  for  the  individual  observations  arc  at  hand.  Bui 
tin-  computation  of  the  factors  for  the  final  equations  per- 
mits of  extraordinary  amelioration,  and  the  abridgement 
•  '  of  accuracy  which  I  hold  to  be  entirely  suf- 
fer tic-  purpose.  To  -how  this  take  the  reduction 
from  true  to  apparent  declination,  which  in  A.J.  517  I  have 

□  into  the  form 

/.-  eos£  [«  sin  T—  in  cos  © 

+  sin(j-(cose  — 1)  (I  sinl'O  cos  7'—  sin'-©  sin  '/')] 

where      T  =  «  — ©     ,    m  =  sin«  cosrr     ,    n  —  cose  sin  i/ . 

This  is  rigorous  within  its  0  dth  part  for  a  pair 

any  zenith-distance,  since  the  onlj    neglected 

.    a  the  time-  of  culmination 

of  the  pair.     Denote  by  the  subscripts  1  and'.', 

respeel  average  value    of    rand(;  for  two  g p 

i      observed    on   the   same  date.      Then  the  difference 

ips  will  be  approx- 
imately, 


-•!,,=  »(cosf,  sin  Ty— COs£s  sin  7'„) 
-  m  (cos  £,  —  cos  £„)  cos  © 


+  sinr/(cosc-1  i.lsin  2©(cos£1COs2'1—  COSfs  cos2's)  (r) 

\      --sin  q  cost—  1)  sin2©(cos£,sin  '/',  —  i-us{.  sin  '/ 

The  cyclical  sum  will  be 


2A0  =  2(a)  +  2(b)  +  2(e)+2(d) 


(4) 


Now,  in  (&),  (e)  and  (d)  the  products  of  the  factors  of 
cos©,  sin 2©  and  sin'-'©  are  all  very  small,  and  have  nearly 
the  same  constant  values  in  each  for  all  the  combina- 
tions of  groups  I-IT,  II— III,  etc.  Also,  for  observations 
distributed  uniformly  through  the  year,  2 cos©  =  0, 
.Esin2©  =  0,  2sin2Q  =  £.  Consequently,  2 (b)  and 2(e) 
are  =  0,  and  we  can  write  the  sum  of  2(a)  and  2(d), 

2A0  =  n  i  (1  +  sec  c) -T  (cos  £[  sin  T,  —  cos  4  sin  T„)     (5) 

We  may  safely  simplify  still  further  in  most  cases  by 
using  a  common  value  for  cos  £  for  all  the  groups,  and  since 
this  is  ordinarily  not  far  from  0.97  while  £  (l  +  sece)  =  1.04, 
so  that  their  product  is  unity,  we  have  finally  the  very 
simple  expression 


2An 


2i  sin  1\  —  sin  T„\ 


(6) 


If  we  use  the  average  right-ascension  for  each  group  of 
stars,  and  the  longitude  of  the  sun  for  the  mean  date  of 
the  comparisons  of  any  two  groups,  eq.  (6)  will  give  the 
value  of  2A0  with  abundant  precision,  generally  within, 
say,  its  fortieth  part,  by  a  computation  requiring  only  a 
half  an  hour.  Since  the  aberration-correction  is  in  general 
under  0".10  the  error  in  its  determination  by  (6)  intro- 
duced in  (1)  will  be  less  than  ()".00.3  in  most  cases.  If 
greater  precision  is  not  deemed  finical  it  may  be  had  by 
subdividing  the  observations  of  each  combination  of  groups 
and  taking  the  mean  of  the  parts.  If  the  difference  of 
cos£  for  the  various  groups  is  considerable,  eq.  (5)  may  be 
used.  Indeed.  an\  needed  modifications  in  the  application 
of  the  method  will  suggest  themselves  to  the  computer  in 
each  case. 

The  practical  process  may  be  exemplified  1>\  Batteb- 
m  IlNn's  discussion  of  the  aberration  From  the  Berlin  obser- 
vations, LS<)L'.  For  Berlin  we  have  n  =  0.728.  From 
pp.  ll  17  of  the  memoir  we  get  a  and  cos£  below,  and 
from  p.  .'!.'!  the  average  dates  below,  whence  by  eq.  (6) 
2A0  —  4.22;  Batteemann's  rigorous  value  is  4.16.  the 
error  being  thus  only  one  and  a  half  per  cent. 
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Date 

. 

Gr. 

a 

cos . 

1892 

Qo 

\ 

2'j 

Approx. 

Precise 

I 

45° 

0.97 

II-III 

Feb.  23 

335 

|.<., 

173° 

0.52 

0.502 

II 

-.17 

.98 

III-IV 

Mar.  19 

0 

148 

177 

0.35 

0.342 

III 

148 

.96 

IV-V 

Apr.  13 

24 

153 

186 

0.41 

0.364 

IV 

177 

.98 

V-VI 

May  11 

51 

159 

192 

(1.41 

0.404 

V 

210 

.99 

VI-VII 

May  28 

68 

175 

202 

0.33 

0.344 

VI 

243 

.98 

VII-VIII 

July    9 

108 

162 

192 

0.38 

0.383 

VII 

270 

.97 

VIII-IX 

July  27 

125 

175 

207 

0.39 

0.410 

an 

300 

.99 

IX-I 

Oct.   23 

211 

121 

194 

0.80 

0.778 

IX 

332 

0.99 

I-IT 

Dec.    5 

254 

151 

203 

0.63 

0.634 

Approx. 

Precise 

1893-94 

4  gr. 

3.08 

3.04 

1896-98 

4   •• 

3.10 

3.06 

1899-00 

10  " 

3.69 

3.80 

Similar  illustrations,  using  eq.  (5)  or  (6)  are. 

New  York 

Philadelphia 

Leyden 

The  errors  in  the  deduced  aberrations  from  using  the 
approximate  process  here  developed  are,  for  Berlin  0".000, 
for  New  York  0".000,  for  Philadelphia  0".002,  for  Leyden 
0".003.  From  these  illustrations  the  labor  involved  in  the 
process  commonly  used  would  appear  to  be  inordinate  and 
profitless. 

By  this  compendious  method  I  have  found  various  values 
of  the  aberration-constant.  Following  is  a  description  of 
how  the  material  has  been  treated. 

Kasan.     The  data  are    taken  from   the   publications   of 

1894,  1896  and  1900.     From  pp.  11-14  of  the  first  we  find  : 

Group 

I 

II 

III 

IV 

V 

For  Kasan,  cos  e  sin  op  =  0.759. 
of  Kowalski,  1892.4-93.5,  the  values  of  v  and  their  prob- 
able errors,  given  below,  were  obtained  from  the  table  on 
pp.  78-80.     Those  of 

A  =  cos  e  sin  <j  (cos  ^  sin  1\  —  cos  f2  sin  T„  | 
by  eq.  (5),  and  their  sum  multiplied  by  £(l  +  sece)  =  1.042 
gives  ±\lcr 


a 

cos  £ 

Group 

a 

cos  £ 

12 

0.99 

VI 

241 

0.9.S 

97 

1 .00 

VII 

"72 

0.97 

148 

0.99 

VIII 

29S 

0.99 

177 

0.99 

IX 

332 

0.99 

210 

0.99 

For  the  observations 


.1 

V 

V    VI 

0.40 

-0.345 

±0.021 

VI-VII 

0,  in 

+  0.879 

0.024 

YII-Y1II 

0.33 

+  0.049 

0.040 

VIII-IX 

o.4.°. 

-0.026 

0.025 

IX-I 

0.84 

-1.034 

0.052 

I-II 

0.56 

+  0.014 

0.042 

II-III 

0.59 

-0.238 

0.026 

III-IV 

0.34 

+0.200 

0.020 

rv-v 

0.42 

+  0.078 

±0.039 

Sum 

4.31 

-0.423 

±0.096 

Hence  we  have 

4.49  dk  -0".423 

=  0 

,     whence  dk  =    +0".094 

and                          k  = 

=  20". 

539   ±0".023 

2A0  =  4.22     4.161 

Similarly,  for  the  observations  of  Gratchew  and  Trozki, 
1893.6-95.0,  we  find  from  the  data  on  pp.  112-114  of  Publ.II : 
A  v 


VII-VIII 
VIII-IX 
IX-I 

III 

II-III 

III-IV 

IV-V 

V-VI 

vi-vii 


0.31 
0.43 
0.80 
0.63 
0.56 
0.35 
0.42 
0.40 
0.39 


+  0.07,0 

-0.056 
-0.971 
-  0.020 
-0.157 
•  0.138 
-0.026 
—0.327 
+  1.023 


±0.030 
0.016 
0.020 
0.027 
0.060 
0.037 
o.ol7 
0.036 

±0.018 


Sum         4.29  -0.346       ±0.096 

4.47  .//.•  -0".346  =  0     ,     dk  =  +0".077 
k  =  20".522   ±0".022 
For  the  observations  of  Gratchew,  1895.1-97.5,  we  em- 
ploy the  data  on  pp.  137-141  of  Publ.  III. 


Whence 
and 


II-III 
III-IV 

IY-Y 
V-VI 
VI-VII 
VII-VIII 
VIII-IX 
IX-I 

I-II 

Sum 
4.11  dk 


A 

0.56 

0.2S 
0.40 
0.42 
0.39 
0.31 
0.38 
0.72 
0.48 


-0.194 
+  0.179 
+  0.048 
-0.370 
+0.934 
-0.077 
-0.022 
-1.024 
-0.085 


±0.027 
0.016 
0.017 
0.021 
0.014 
0.036 
0.018 
0.026 

±0.039 


3.94         -0.613       ±0.076 
-0".613  =  0     ,     dk  =  +0".149 
/.•  =  20".594    ±0".018 


Whence 
and 

Potsdam.  The  data  used  are  the  observations  by 
Schnauder  and  Hecker,  1893.9-98.0.  They  have  been 
treated  in  two  ways.  First,  by  employing  the  differences 
of  the  groups  given  on  pp.  35-44  (Publ.  of  1900)  having 
the  weight  3.     From  pp.  2-5  we  find, 


Group 

a 

cos  J 

Group 

a 

cos£ 

I 

47 

0.99 

VI 

243 

0.98 

II 

91 

0.98 

VII 

270 

0.99 

111 

1  10 

0.9S 

VIII 

300 

0.9S 

IV 

179 

0.98 

IX 

332 

0.99 

V 

211 

0.98 

X 

7 

0.99 

Thus,  computing  A  and  2.10  in  the  same  way  as  for  Kasan, 
we  have 
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I  11 

0.39 

0  L99 

0  0    1 

11  111 

0.55 

\  0.048 

0.016 

111  l\ 

0.37 

|  0.086 

0.015 

l\    V 

0.38 

+  ii.(H7 

0.01  I 

V    VI 

0.39 

0.035 

0.013 

VI    VII 

0.33 

'  0.225 

0.012 

VII    VIII 

0.37 

0.069 

mil  1 

111  l\ 

0.37 

0.012 

1\  \ 

0.33 

ii  056 

0.011 

\  1 

0  II 

0.022 

t  0.020 

Sum 


3.92 


(-0.041        t  0.050 


I  09    /'■•    H>". u41  =  0     .      II,-  =  -0".010 
k  =  20".491    ±0".012 


Pairs 

1 
•> 

3 

I 


i   ii 

."22  25 
-.1(17  23 
-.335  27 

.105  26 
-.049  30    +.05 


+  .I7S   191  -.409  27 

.584    L8    +.528  27 

I- .094   20    +.211  23 

-   206  21        .221  24 

18    +.•••••"'-4  21 


.334  29    +.29.".  17    +.163  21 


-.266 

27 

+  .134 

31 

+  .419 

28 

+  .031 

23 

-.141 

23 

—.109 

oo 

V-VI 

-:2m 

-.075 

-.248 

+  .228 
+  .190 


.121   33 


The  second  method,  h  b.ich  appears  bo  me  to  be  more  ad 
eous,  was  the  Eollowing.     Each  of  the  groups  con- 
tains  six    pairs.     We    may  therefore    make   sis    entirelj 
independent  cyclical  connections  bj  taking  the  differences 
of   the   observed    latitudes  (pp.  s   ls>  mi    identical  dates, 

combining  the  first  pah  ,  the    econd  pairs,  and  s l  up  to 

the  sixth  pairs,  of  the  various  groups.     The  values  for  the 
,  ervers  were  al  firsl  kepi   separate,  but  as  there  was 
idence  of  systematic   personal  difference,   the   mean 
value  being 

Schnauder  Hecker  =  +0".022   ±0".021 
the  combined  results  were  employed,  giving  the  Eollowing 
table  : 

X   I 

',124  23 

+  .343  2;; 

+  .ol  I  25 

-.250  2:; 

-.555  21 

+  .127  24 


vi  vii      vn-viii       viii-ix 


:;.; 


+  .618  34 
+  .291  37 
+  .370  38 
+  .032  32 

-.415  :;:; 
+  .516  31 


+  .1G5  39 

-.204  35 

.378  Ki 

-.302  29 

K688  33 

-.571  33 


-.420  36 
.15  1  :;i 
-.155  34 
+  .256  30 
-.021  31 
+  .681  31 


+  .051 

30 

+  .034 

31 

+  .340 

31 

-.045 

29 

-.234 

27 

-.334 

27 

The  results  for  IX-X.andX-]  were  adjusted  by  least- 
squares,  using  the  comparisons  of  the  groups  IX  and  I.  as 
well  as  those  of  IX  and  X.  and  of  X  and  1. 

Taking  the  horizontal  sums  for  each  pan  we  find, 


Pair  1  of  each  group 


-0.189 

2 '.11 

11 094 

295 

+  0.332 

2  9S 

-0.170 

260 

-0.126 

272 

Hi.:;io 

269 

Mean 


+  0.O12   ±0".068 


Each  of  these  six  cyclical  sums  is  free  from  variation  of 

latitude  and  from  errors  of  declinations  of  the  stars  and  of 

sumed  micrometer  revolution,  and   involves  raerelj 

ror  in  the  assumed  aberration-constant,  which  in  this 

i  i".501.     Therefore  we  ha\  e  the  equal  ion 

1.09    Ik    I  0".012  =  0     .     ,11;  =  -0".003 
It  =  20".49S   ±0".016 

a  result  which  is  1  think  to  be  preferred  to  the given 

above. 

Prague.     The  data  are  taken  from    Lieblein's  reduction 
Weinek   and   (ii.i  ->.   1889.2-92.4. 

Employing  only  those  observations  (pp.  7  11.  I'ubl.  of  1897) 
in  which  al  I   the  pairs  ol   each  group  are  meas- 

ured, in  order  to  be  practically  free  from  the  errors  of  the 
reductions  to  the  mean  of  the  groups,  we  have  the  values 
of  v  below,  and  their  probable  errors.  The  values  of  the 
aben  i  A  were  takeu  from  thi  II. 


Whence 


Vi-VIl 
VII-VIII 
VIII-IX 
IX-I 

I- II 

II  III 

II1-1V 

IV- V 

V  VI 

Sum 

3.71  /. 

k 


0.3.7 

0.32 
0.42 
0.71 
0.41 
0.55 
0.32 
0.31 
0.30 


+  0.500 
0.221 
+0.093 
-0.133 
-0.705 
+  0.414 
I  0.219 
-0.106 
-0.280 


±0 
0 
0 
0 
0 
0 
0 
0 

±0 


3.71  -0.219       ±0 

-0".219  =  0     ,     k  =  + 
=  20".504    ±0".027 


024 
032 
037 
033 
039 
034 
025 
040 
031 
102 
0".059 


San  Francisco.  The  details  of  this  series  of  observations 
by  Davidson  are  given  very  fully  in  the  Report  of  ilf 
Coast  and  Geodetic  Survey,  1893,  Part  II.  From  the  data. 
pp.  454  490,  we  find, 


Group      a 

cosf 

Group 

a 

cos  C 

1      233 

0.92 

V 

52 

O.04 

1 1      270 

o.07 

VI 

99 

0.93 

III      32  1 

0.93 

VII 

1  14 

0.95 

IV         9 

O.OI 

VIII 

190 

0.86 

The  distribution  of  the  pairs  in  this  case  being  unusually 
wide  in  zenith-distance  the  aberration-factors  were  found 
by  eq.  (4).  The  values  of  v  were  derived  from  the  tables 
on  pp.  495-498. 


I-ll 

O.I5 

-0.022 

±0.017 

II  III 

0.43 

1  0.043 

o.()15 

III    IV 

o.lo 

-0.258 

0.0  15 

IV   V 

0.39 

0.002 

O.H2.-; 

V    VI 

0.43 

-0.022 

0.017 

vi-vn 

0.42 

-0.162 

0.021 

VII    VIII 

0.34 

+0.026 

0.027 

VIII    I 

0.38 

t  0.039 

±0.016 

Sum 

3.24 

-0.356 

i  0.068 
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Whence         3.24    II:  -0".356  =  0     ,     Jk  =   +0".110 
k  =  20".555   ±0".021 

This  result  (20". 555)  seems  to  confirm  my  surmise  in 
A.J.  517  that  a  correct  solution  -would  materially  increase 
the  result  (20". 482)  obtained  in  the  Coast  Survey  discus- 
sion of  this  series. 

Summarizing  the  previous  results  we  have 


Observatory 

Date 

Aberrn 

Prob.  Error 

Kasan 

L  892.4   93.5 

20.539 

±0.023 

" 

1893.6-95.0 

20.522 

0.022 

" 

1895.1-97.5 

20.594 

0.018 

Potsdam 

1893.9-98.0 

20.498 

0.016 

Prague 

1889.2-92.4 

20.504 

0.027 

San  Francisco 

1891.4-92.6 

20.555 

0.021 

The  weighted  mean  of  these  six  values  is  20". 532.     This 


is  but  a  few  thousandths  in  excess  of  the  general  mean 
flowing  from  all  the  determinations,  twenty-six  in  number, 
by  Talcott's  method,  now  available  ;  or  20".525.  Further, 
a  critical  discussion  of  all  the  extant  values  obtained  from 
declinations  with  the  vertical  or  meridian  circle  that  are 
entitled  to  be  considered  gives  their  general  mean  20".515  ; 
and  a  similar  review  of  the  prime-vertical  values  available 
yields  20".52S.  It  can  be  shown  also  that  the  existing 
right-ascension  determinations  that  are  competent  may  be 
harmonized  with  a  value  in  this  neighborhood.  From  the 
present  aspect  of  affairs,  therefore,  I  am  hopefully  of  the 
opinion  that  we  shall  soon  be  within  reach  of  decision  upon 
a  conventional  value,  generally  acceptable ;  with  the  prob- 
ability that  it  will  rest  somewhere  between  20".52  and 
20".54 ;  or  possibly,  if  it  Can  be  so  closely  defined,  between 
20".525  and  20".530. 


ABERRATION-CONSTANT  FROM  POND'S  OBSERVATIONS  OF  POLARIS,  1812-19, 

By  S.  C.  CHANDLER. 


An  examination  of  Dr.  Auwers's  reduction  of  Pond's 
observations  with  the  Troughton  Mural  Circle,  1812-19, 
leads  me  to  think  that  it  gives  material  for  an  investigation 
of  the  aberration,  which  I  accordingly  present  here.  The 
discussion  has  the  incidental  interest  also  that  it  appears 
to  explain  the  cause  of  the  discordance  found  by  Dr. 
A-Uwers  (p.  56)  between  the  spring  and  fall  observations 
of  Polaris,  for  which  he  has  applied  empirical  corrections. 

The  differences  between  the  circle-readings  for  upper  and 
lower  culminations  of  Polaris,  after  reduction  for  refraction 
and  to  the  epoch  1815.0,  are  given  on  pp.54,  55.  These 
differences,  although  of  course  unaffected  by  variation  of 
latitude,  necessarily  involve  twice  the  effect  of  the  error  of 
Stkuve's  constant  of  aberration.  To  find  the  correction  to 
this  assumed  constant,  according  to  these  observations, 
call  IP  the  observed  values  of  double  the  polar  dis- 
tance, given  on  pp.  54,  55.  Take  an  approximate  value, 
2P0  =  3°  21'  24".30,  assumed  for  convenience  so  as  to 
make  all  the  residuals  positive,  and  put  n  =  2P  —  2P0. 
Solving  the  equations  of  condition  of  the  form 

(1)  2   //'  +  Y  sin  ©  +  Z  cos  ©  =  n 

the  correction   to   the   aberration-constant,  and   the   star's 
parallax,  will  be  given  by 

ii  =  1Y+pZ  _    qZ-pY 

where 

p  =  sine  cosS  —  cos  e  sin«  sinS     ,     q  =  cos  re  sin  8 

(see  A.J.,  Vol.  XII,  p.  177).     For  Polaris  (1815)  we  have 
(3)      p  =  -0.209  ,  q  =  +0.970  ,  2(p*+q*)  =1.969 


The  following  table  gives  the  values  of  n  and  their 
weights  for  the  five  sets  of  observations  for  which  2  //'  in 
eq.  (1)  must  be  separately  found 


Circle  0°  ;  Six  Microscopes. 
Date  n  % 

1812  Aug.  15     +  o'.90       1 


Oct.  18 
1813  June  12 
Oct.  18 
Nov.  4 
Nov.  23 
1819  Sept.  29 
Oct.  18 


1.53 
1.33 
1.01 
1.43 
1.12 
1.24 
2.47 


11 
4 
4 
5 
4 
1 


Dec.      2     +0.65 


Circle  20°  ;  Six  Microscopes. 


is  11'  Dec.      8 

1816  Nov.  2(1 

1818  Apr.   17 

May   17 

June  11 


+  0.70 
0.49 
1.86 
1.42 
1.36 


Nov.  19      +1.68       6 
Circle  0°  ;  Microscopes  .1/;. 

1 
1 

1 


L812  Sept.  4 
Oct,      4 

1814  Apr.  6 
Apr.  30 
May  30 


+  0.75 

0.S7 

1.04 

U.77 
Nov.  11      +0.08 


Circle  10° 
Date 


Microscopes  AB. 


1815  Apr.    17      +2.48       1 


May 
June  5 
June  29 
Sept.  19 
Oct.  1 
Oct.  23 
Nov.  18 
Dec.   12 


2.48 
3.11 
3.15 
4.16 
1.62 
2.45 
1.91 
+  2.27 


Circle  20'   ;  Microscopes  AB. 


1816  Apr.  25 
May  16 
June  10 
July  24 
Sept.  26 
Oct.  20 
Nov.  13 

1817  Apr.  20 
May  5 
May  1 .". 
June  16 
Nov.  11' 
Nov.  21 

1818  Oct.    24 
1S1:i  May     6 

June  10 
Nov.  25 


+  2.00 
1.65 
1.52 
1.61 

2.: ».-, 
1.92 
1.44 

1.::.', 

1.90 

l.:;.; 

0.62 
1.07 
0.5'.) 
1.36 
1.52 
1.58 
+  0.60 
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\,.i.M  m    Eqi  itions  Elimination-Eqi  ltions  (2  7P  eliminated). 

i  ii.  ir  0  Six  Microscopes. 


39    2  //'         3.07  )'       is. '.is/    -    I  18.82 

+  22.10      +10.28  2.35 

+  17.20  24.15 

Circle  20  Six  Microscopes. 

:;:;  (2  W>  -    1.42  >         0.052  -    +39.92 
I  24.29       r- 11.55  +   1.72 

t    8.65  +  4.45 

( Jircle  0      :     Microscopes  .1  /.' 

24   (2  //')  +    7. sir  +   5.66  2  =  +14.78 

+  11'. 17.      4-  8.59  +  9.17 

+  1 1 .85  +  5.89 

Circle  10~     :     Microscopes  AB. 

29    2  //':  +    1.11'}"  -   4.432=    f7.T77 

+  1C.70      +   9.02  +   9.8:; 

+  12.30  -   7.91' 

Circle  20c     :     Microscopes  AB. 
15     ■'  IP)  +23.08T  +  8.582=  +68.37 
+  1'7. 11'      +1  1.77.  I  34.46 

+  17.51  +11.51 


+  21.86  )     l    8.792        I  L49 
I    8.05  -0.39 


t  23.70 ¥  +11.542  =    J  7.07 

+  8.05  +1.51 


+  9.59  Y  +   C..74Z  =  +4.34 
+  9.5:;  +2.40 


+16.66  )"  +   9.192  =  +6.98 

+  11. r,i  +3.35 


+ 15.59  y  +111.:;.-,/  =-      0.60 
+  15.90  -1.5.°. 


mination  shows  that  the  probable  error  for  tin-  mm 
of  weight  is  sensibly  the  same  for  the  sets  with  six  and 
with  i  -'pes.     From  the  sum  of  the  elimination- 

equations  we  get 

F=  +0".256   ±0".098     ,     2=  -0".067    ±0".112 
whence  b)  eq.  (2)  and  (3 

Aberration  =     20".578    ±0".043 
Parallax       =   -0". i    fti".066 

Substituting  these  values  in    the  normals  in  1'  //',  and 
adding  the  constant  •"•    11 '  24".30  we  find 

'IP  computed 
six  microscopes ; 


Circle  0= 
■•  in 
«       o° 

■•     Hi 

•■     1" 


microscopes  -!/•': 


11  25.50 
25.5  I 
24.85 
26.84 
25.70 


The  values  of  aberration  and  parallax  given  by  the  inde- 
pendent solutions  of  tin'  five  se 

Aberral  [on 
six  microscopes ; 


..      20 
0° 

"      10° 

••      in 


I ; 


I'D.  5  1 
I'll,  IS 

20.72 
20.68 

in.  is 


Parallax 

HUM 

+  0.18 
-0.01 

+  0.01 

! 


Thus  all  five  of  the  sets  are  in  accord  in  indicating  a  con- 
siderable positive  correction   to    Stri  ve's  constant.     The 


mean  result  of  the  general  solution  given  above.  20".578, 
is  also  in  harmony,  considering  its  probable  error,  with  the 
general  mean  which  I  have  obtained  from  an  unpublished 
discussion  of  all  the  extant  determinations  of  the  aberra- 
tion-constant suitable  for  use  (more  than  forty  in  number) 
showing  the  true  value  of  this  constant  to  be  very  close  to 
20".53. 

If  we  subtract  the  above  computed  values  of  2P  from 
the  observed  individual  values  and  take  the  weighted 
means  by  months  we  find  the  quantities  in  column  O  below. 
By  their  side  I  have  placed  the  values  C  corresponding  to 
the  assumptions  20".58  and  20". 53  for  the  aberration- 
constant;  and  in  the  last  column  the  empirical  corrections 
applied  by  Auwers  to  adjust  for  this  discordance. 

C 


Weight 

0 

(Ab.20».58)(Ab.20".53) 

ArwKKs  s 
Empir.Con 

April 

10 

+  0.30 

l  0.06 

+  0.04 

+  0.20 

May 

:;:; 

+  0.14 

+  0.1S 

+  H.11 

+  0.20 

June 

38 

+  0.11 

1    0.26 

+  0.16 

+  0.20 

July  Sept. 

11 

+  0.42 

+0.20 

+  0.11 

0.00 

( Ictober 

!_'.'» 

+  0.03 

0.05 

—0.03 

-0.20 

November 

:;:; 

-0.23 

0  15 

-0.16 

-0.20 

1  December 

i:; 

O.I7 

0.26 

-0.16 

-0.20 

From  this  it  would  appear  thai  i  he  source  of  the  dis- 
cordance in  question  is  established,  with  a  reasonable 
degree  of  probability,  as  the  effect  of  the  erroneous  aber- 
ration used  in  the  reductions. 
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THE   TEEMS   OF   PRECESSION   AND   NUTATION, 

By  IRA  STERNER. 


I  have  completely  investigated  the  subject  of  precession 
and  nutation,  first  in  the  memoirs,  and  then  independently 
of  all  previous  developments  of  the  subject.  I  thoroughly 
revised  the  memoirs  of  Poisson*  and  SERRET,f  Sur  le 
Mouvement  de  la  Terre  autour  de  son  centre  de  gravite, 
and  found  that  they  satisfactorily  obtain  the  fundamental 
differential  equations  of  motion  (E),  on  which  are  based 
the  computations  of  PeteksJ  and  Oppolzer.§  The  dif- 
ferential equations  (E)  involve  a  perturbative  function  7'. 
one  part  of  which  contains  the  rotatory  angle  q  in  every 
term :  this  part  ||  does  not  lead  to  any  sensible  terms  of 
nutation,  and  therefore  can  be  omitted  in  the  computations. 
All  those  terms  in  J'  which  are  independent  of  q,  will  be 
called  Fj-terms.  Poisson  and  Serret  developed  Vx  only 
partly  ;  but  Peters  and  Oppolzer  developed  i\  in  a  fairly 
accurate  manner. 

I  have  independently  developed  all  J",-terms  with  entire 
accuracy.  Substituting  the  accurate  J^-development  in 
the  differential  equations  (E),  I  put  these  equations  in  the 
following  form  : 


1  (ty 
k  ~df 


=  tFt(I,  m0+i,  A"3cos«,  tilz  cos  (2V  +  «)) 
+  b\  (o,  <«„  +  i,  L's  cos  a,  R*  cos  (2V  +  «)) 

1  p.  =  £/'„(/,  o.0+/,  R'Hina,  R's sin  (2V  +  «)) 
+  F„(o,  <o0  +  i,  R*sina,  R* sin(2V  +  a)) 

Tlie  notation  just  used  has  the  following  meaning:  ke 
and  k  are  fundamental  constants  to  be  computed  for  a 
particular  epoch  t  =  o ;    tf,  and  u>  are  respectively  the  pre- 


*  Mi-moires  de  V  Instil  id  ile  la  France,  T.  7  and  9  (1827-9). 

t  Annates  de  V Otiseri-atoire  de  Paris,  tome  5  (1859) ;  Mems.de 
VInat.,  T.  35. 

J  Xumerus  Constans  Nutntionis  (1S4I )  ;  Mem.  de  VAcad.  iles 
Sciences  de  St.  Petersbourg  (6,  V,  1). 

§  Lehrbnch  ear  Bahnbestimmung ,  2d  ed.,  Leipzig,  1SS2. 

Ii  Tisserand,  Micanique  Cileste,  tome  2,  part  2,  chanter  on  develop- 
ment of  V. 


cession  of  longitude  and  the  obliquity  ;  t\  and  F„  are 
known  functions  of  four  expressions,  as  indicated;  /  is  the 
actual  inclination  of  the  moon's  orbit  to  the  ecliptic  at  the 
time  t;  u>0  is  the  obliquity  of  the  ecliptic  at  the  epoch 
t  =  o,  and  i  is  the  secular  inequality  of  w ;  R'  and  R  are 

respectively  the  ratios  "--  and  -"■  where  p    and  a'    are  the 

P  P 

semi-major  axes  of  the  orbits  of  the  sun  and  moon,  and  p 

and  p'  are  the  distances  ES  and  EM  respectively  at  the 
time  t  \_E,  S,  M  being  respectively  the  centers  of  gravity 
of  earth,  sun  and  moon]  ;  a  denotes  various  angles,  involv- 
ing i/f  and  the  longitude  of  the  moon's  ascending  node ; 
V  and  V'  are  respectively  the  actual  longitudes  of  the  sun 
and  moon  at  the  time  t. 

In  case  of  the  sun's  action,  we  require  merely  the  elliptic 
developments : 

jjscM  {2v  +  a)  =  f„{A,  e,  2m  +  a,  ™f), 

where  A,  e,  m  are  respectively  the  solar  mean  anomaly, 
eccentricity  and  longitude  of  perihelion.  I  developed  the 
functions /j  and/,  so  as  to  include  all  terms  of  the  first  five 
orders  in  e,  and  substituted  them  in  Ft  and  Ft.  Then  the 
terms  of  precession  due  to  the  action  of  the  sun  are  as 
follows  : 

if, (S)  =  k/Fj ) o,  o,0  +■  i,  /j (.4, e,  a, cos),  /, (A,  e, 2e  +  a, cos)\dt 
0,(5)  =  K/F,\o,m0  +  l,  /,(J,*',«,sin),  f „  (A,  e,2os  +  u,  sin)  \dt 

In  case  of  the  moon's  action,  I  developed  the  following 
series,  for  the  actual  motion  of  the  moon  : 


I  =  fs(A',A,D,J) 
1 


^"Sf  «  =  fi(A'.A.  /'.  I. ,-.  -;fi. 
(2P'+«)  =/s(,l'..J,/>,z/,21  +  «.«'s), 


where  A',I>,  J,  —  are  respectively  the  moon 's  mean  anomaly. 

mean  elongation,  mean  longitude  from  the  ascending  node, 

(133) 
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and  longitude  of  perigee.      1  computed,  and  verified 

trigonometrical  series  for  /,,  /,  and  /,.  including  all 
ivhose  coefficients  exceed  '.000001  :   for  this  purpose, 

1  used  the  best  available  tables*  of  the  i  ial  lati- 

ne  parallax  and  igitude.     Then  the  terms 

i>t  precession  due  to  the  moon  arc: 


r   S 


,      1/       -   KtJ  r,  ?/,(    I  .A.I'.   /').«,„  + 


.  A.  /'.    f,«,COS),  /6I  .1  .    1,  /',    /.I'  -+«,COS) 


/./,,.  I  .  A.  I  >..!.<>..  mid.  ./-,..  I '..!./',   /.•-'  -  +  «,  sin)   £ 


<// 


In  computing  the    fundamental   constants    kc  and   k,  I 
used  Newi  omb's  constants  of  precession t  and  nutation  J  for 
the  epoch  1900,  and  inserted   literal  correction-ratios  for 
icy : 


2V(1900)  -  9.21  [ 

,T=-        £214 


_  _  Pji  L900)  -    50.2564 
'  =  50.2564 


For  the  values  of  u>,  .  t,  I,  e,  -.  and  A.  I  used  New- 
comb's  secular  inequalities  of  the  sun  for  the  epoch  I'.ioo.  j 

For  the  values  of  .1',  /.',  ft.  and     .  1  used  LeVerrier's § 

,T, 

secular  inequalities  of  the  moon,  which  arc  accurate  enough 
for  use  here 

Completing  the  integrations,  1  obtained  ifr  and  «.>  for  the 
epoch  1900 : 

4,  =  ^(l900)  +  (50".3639+i>l^)*+".000l089(1  +  ,,>/■ 

+*(M )  (1+5-)  +  tf  (S)  (1  +  3.158  7-2. 1 75a) 
m  =  23°  27'  8".26  -  ".4685 1  -  ".00000059*5 

+  O  (ifef )  (1  +  a) +a  (S)  (1  +  3. 1 58 ,,  -2.175  5) 

I  computed  all  terms  of  nutation  (4»andO)  whose  co- 
efficients  exceed  ".00004  :  the  more  important  terms  are 
given  in  the  comparative  table  that  follows.  The  sec- 
ond column  contains  the  coefficients  used  by  Professor 
N  i.\vi  ciMB.J  The  third  column  contains  my  newly  com- 
puted coefficients,  which  were  verified  twice.  In  the  argu- 
ments, A'  and  A  are  the  mean  anomalies  of  the  moon  and 
sun.  /.'  and  I.  the  mean  longitudes,  I>=  L'—L.  and  ft  is 
the  longitude  of  the  moon's  ascending  node. 


Nit  \  1 1"\    in    Longiti  de  (sines 

N  1    T  \  1   H  IN       IS 

<  Ibliqi  itv   (cosines). 

I  Args. 

II    P.  and  O. 

1 1 1  Sterm  r 

IV  Diffs. 

I   Args 

II  P.  and  <>. 

Ill  Sterner 

IV  Diffs. 

ft 

j     17.234 
~  |  +  0.0177/ 

-  <       17^2398 
+   0.0174  7 
/  +  0.0083  1 

-0.006 
—0.008  /' 

ft 

+  9.214 
i  Newcomb) 

+  (      9.214  (1+d) 
\  +0.0018  T 

9.214  a 
+  0.002  T 

-'ft 

+  0.209 
(elliptic 

4-  <        0.3109 
\  -   0.0001  T 

+  0.102 

2ft 

-0.090 

(elliptic  ' 

_  <      0.1350 

\  _(). 001)1  T 

-0.04r. 

i 

0.204 
•  0.067 

<        0.2050 
~  "(  -  0.0001  T 
+   0.0679 

0.001 

+  0.1)01 

2  V 

+  0.088 

+  0.0890 

+0.001 

2£'-8 

0.034 

-  0.0343 

2V-Q, 

+0.018 

+  0.0183 

2L'+A' 

-0.026 

-  0.0262 

•11.'+  ,1' 

+0.011 

+  0.0115 

■ID -A' 

+0.015 

+  0.0150 

2 1.        1 

+  0.012 

+  0.0115 

2V-A' 

-0.005 

-0.0050 

2£  -ft 

I-  0. 0 1 2 

+   0.0122 

2L-SI 

-0.007 

-0.0066 

•id 

■  

+   0.0061 

A'+Si 

+   0.0058 

•  I'+ft 

-0.0031 

A>-Si 

+   0.0057 

A'-£l 

+  0.0031 

2D+2L'-A' 

-   0.0052 

•  0.0023 

2  I      2D 

+  O.noi.-, 

2L>+A'-Si 

-   0.004  1 

+0.0024 

2L 

A 

- 1 .257 
1  0.127 

(         1.2574 
j    •  0.00064  ;' 
I        0.1243 
"*"  \  _   0.0003  1 

—0.0006  '/' 
—  0.003 

•11. 

+0.546 

<      0.5457 
^  \  -0.0006  T 

+  0.0000  T 

2L+A 

nop.) 

(        0.0492 
j        0.0001  7 

■11.  + A 

+0.021 

\      0.0213 

T  \  -o.oooi  r 

11.  -A 

1-0.021 

+  0.0211 

2L-A 

-0.009 

0.0091 

■  \>  wcomb  and  Meier,  Revision  of  Hansen's  Tables,  Astron.         %  Tables  of  the  Sun,  1895,  Astron.  Papers,  Amer.  EpJiem.,  Vol.6, 
/'./y/.r.v,  Amer.  Ephetn.,  Vol.  1.  pt.  2.  pt.  1. 

1 1,,   Processional  Motion,  1896;    Astron.  Journal,  No    105  §Annalesdt  VObservatoire  de  Paris,  tome  2,  1856. 
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I  carried  all  my  series  much  farther  than  Peters  and 
Oppolzer,  and  retained  all  terms  of  series  with  coefficients 
exceeding  ".000001  :  this  accounts  for  the  differences  in  the 
fourth  column,  which  I  have  verified  twice.  The  values  of 
the  coefficients  of  sin2£2  and  cos  2  £2  which  Peters  anil 
Oppolzer  had  obtained,  are  precisely  my  elliptic  values  of 
those  coefficients.  These  two  coeffiients  have  large  oscilla- 
tory corrections,  caused  by  the  moon's  actual  deviations 
from  an  ellipse.     These  two  corrections  result  from  inte- 

Keller's  Church,   Pa.,   1902  April  28. 


grating  terms  which  are  relatively  small ;  but  their  inte- 
grating factor  is  much  smaller  than  that  of  most  other 
terms :  hence  the  coefficients  of  these  terms  become  rela- 
tively large  after  integration.  Consequently  the  values  of 
the  coefficients  of  sin  2$  and  cos2Q  obtained  by  Peters 
and  Oppolzer,  being  merely  elliptic  values,  are  not  near 
as  large  as  the  actual  values  which  I  have  computed.  I 
guarded  against  omissions  of  this  kind,  by  computing  all 
terms  of  nutation  whose  coefficients  exceed  ".00004. 


CONCERNING    THE 


MAGNITUDE-EQUATION   FOR    THE   CAMBRIDGE 

(See  A.  J.,  Nos.  517  and  519), 

By    LEWIS    Boss. 


ZONES 


To  my  article  (A.J.  517)  upon  magnitude-equations  de- 
rived from  comparisons  with  the  Oxford  photographic 
survey  Professor  Turner  offers  objections  (A.J.  519)  which 
seem  to  call  for  further  attention. 

The  point  which  seems  to  require  particular  explanation 
is  that  relative  to  the  treatment  of  proper  motions.  This 
matter  seems  to  me  so  simple  and  elementary  that  I  should 
hesitate  to  enter  upon  a  further  explanation  but  for  the 
fact  that  an  astronomer  of  Professor  Turner's  recognized 
acquirements  has  thrown  doubts  upon  my  conclusions.  For 
a  statement  of  our  respective  views  I  must  refer  to  the 
articles  already  cited. 

I  readily  accept  Professor  Turner's  suggestion  that,  in 
comparing  his  photographic  plates,  he  can  do  this  without 
adopting  any  special  values  of  the  precessional  motion.  It 
is  a  fact,  that,  in  preparing  my  former  article,  I  took  this 
identical  point  of  view;  but  in  writing  the  explanation  I 
fitted  it  to  the  processes  which  Professor  Turner  actually 
employed,  because  I  thought  it  would  be  more  easily  under- 
stood in  that  form. 

We  have  a  picture  of  a  portion  of  the  sky  as  it  appeared 
in  1895.  We  wish  to  compare  this  with  measured  star- 
positions  obtained  at  Cambridge  in  1SS0.  We  have  nothing 
but  star-images  on  the  plate.  For  the  purposes  of  com- 
parison we  may  either  construct  a  picture  from  the  Cam- 
bridge observations  which  can  be  compared  with  the  Oxford 
picture ;  or  we  may  measure  the  Oxford  picture,  referring 
each  star  to  coordinate  axes  comparable  with  those  of  the 
Cambridge  zones.  Let  us  take  the  latter  course,  and  let  us 
suppose  that  the  orientation  of  the  plate  can  be  determined 
on  the  assumption  that  the  picture  taken  in  1895  is  a 
sufficient  approximation  to  the  picture  which  might  have 
been  taken  in  1880.  This  is  by  no  means  the  case;  but 
let  us  suppose,  for  the  sake  of  argument,  that  no  material 
error  would  be  introduced  by  this  treatment  when  the 
results  are  to  be  used  for  the  purpose  of  ascertaining  the 
magnitude-equation   for   Cambridge    right-ascensions.      Re- 


garding our  Oxford  photographs,  now.  as  sufficiently  repre- 
sentative of  the  corresponding  portion  of  the  sky  for  1880, 
we  proceed  to  draw  upon  the  plates  meridians  of  right- 
ascension  and  parallels  of  declination  by  means  of  the 
Cambridge  zone-positions  reduced  to  their  mean  epoch. 
1880.  We  may  now  determine,  by  measurements  upon  the 
plates,  the  right-ascension  of  each  star.  For  stars  very, 
near  the  ninth  magnitude  we  shall  evidently  get  substantia] 
agreement  with  the  Cambridge  right-ascensions,  owing  to 
the  preponderating  influence  of  the  fainter  stars  in  determ- 
ining the  axes  of  reference  upon  the  plates.  This  is  very 
clearly  the  actual  case,  as  shown  in  Professor  Ti  kner's 
table  (p.  4.  M.N..  LX).  So  far  we  have  been  quite  indif- 
ferent as  to  what  may  be  the  true  precessional  motion. 

But  Professor  Turner  seems  to  have  decided  that  the 
positions  of  the  brighter  stars  have  been  so  influenced  by 
proper  motion  in  the  interval,  1880-1895,  that  our  Oxford 
picture  no  longer  represents  for  these  stars  the  state  of  the 
sky  in  1880.  He  therefore  corrects  the  stars  of  his  firsl 
three  groups  (first  to  fifth  magnitude)  for  the  effect  of 
proper  motion. 

So  far  there  appears  to  be  no  vital  divergence  of  view 
between  Professor  Turner  and  me. 

But  in  correcting  these  three  groups  of  stars  for  proper 
motion,  Professor  Turner  employs  the  proper  motions  de- 
termined by  Dr.  Auwers.     Here  is  our  point  of  divergence. 

I  assume  that  Professor  Newcomb's  values  of  annual 
variation  are  more  nearly  standard  than  are  those  of  Dr. 

Auwers.     Consequently  I  correct  the  latter  by  +{)eA S. 

annually,  or  by  +  0S.012  to  get  the  effect  for  15  years.  But 
in  separating  the  proper  motion  from  the  annual  variation 
it  becomes  evidently  and  vitally  necessary  to  know  the 
amount  of  precessional  motion.  If  I  assume  that  Struvb's 
prece   iional  motion  for  15  years  is  too  large  by 

+  0-.012  +0S.002G  sin  a 

(at  8,  +  27°.5)   then    Newcomb's    proper    motions   for   that 
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interval  air  too  small  by  this  same  amount.     If  this  be 
granted  then  the  corresponding  proper  motions  for  15  years 
[ing  to  Dr,  \i  \\  ers  are  systematically  too  small,  anil 
they  require  the  correction  : 

•  .i  "I-  -r-0  012    '  0  .0026  -in  u 

precisely  the  result  arrived  at  in  my  former  paper  <  A.J.  517  |. 
If  my  premises  be  granted  I  do  not  see  haw  there  can  be 
any  escape  from  this  conclusion. 

Therefore  in  the  comparison,  Oxford  Cambr.,  the  right- 
ascensions  "t  tin'  Cambridge  zones  for  bright  stars  are 
relatively  too  small  by  0'.024  as  compared  with  the  corre- 
sponding right-ascensions  "l  stars  of  the  ninth  magnitude. 
Hence  the  numbers  in  the  first  three  groups  of  Professor 
Ti  rnek's  table  i  i/..\"..  1,X.  p.  li  musl  be  corrected  by 
—  0".021  as  in  my  former  paper. 

1  owe  Professor  Turnek  an  apology  for  misapprehending 
the  extent  to  which  he  had  made  use  of  proper  motions  in 
his  reductions.  My  interpretation  of  his  remark  was  evi- 
.1. 'nils  based  on  a  false  assumption.  Accordingly,  1  have 
-inn-  corrected  his  groups  for  mean  magnitudes,  5.2  and 
iii.-  proper  motions  of  tin-  Greenwich  Catalogue  for 
L880,  ami  then  t.>  what  1  conceive  to  be  systematically 
nearly  correct  proper  motions.  Combining  the  two  groups, 
5  .0  to  5".9,  I  find  the  following  mean  motions  for  15 
years : 


BAN     1 

M.     FOB 

1.1    Yl    i.RS 

(5*.0  to  5". 

l;.  \. 

** 

(;r.  p.m. 

(  on'il  p.m. 

2 

1(1 

-0.021 

+  0.004 

6 

l:; 

-0.030 

-0.003 

10 

<; 

-0.054 

-  0.020 

1  1 

12 

-0.021 

•  0.002 

18 

9 

-0.015 

+  O.I  MIC, 

22 

10 

+0.002 

1  0.025 

Means 


-11.021 


•  0.003 


The  numbers  in  the  last  column  of  tin-  foregoing  table, 
Qg  from  corrected  residual  proper  motions  illustrate 
the  necessity  of  the  correction  +0'.0016  annually  (H  0  .024 
foi  15  years)  required  in  order  to  reduce  the  proper  mo- 
adopted  by  Dr.  Auwers  to  those  which  seem  to  me 
more  probable.  It  will  be  observed  that  the  mean  is  a 
vanishing  quantity,  and  that  the  solar  motion  is  very  clearly 
indicated  in  the  outstanding  residuals. 

Accordingly  we  have  as  the  corrected  result  for  Oxi 

Cambridge : 

i^if.     MeanMagn.    Oxfd.  iamb. 

20  +(1.12(1 

r.s  5.5  +0.119 


Taking  the  separate  groups  df  Professor  Tvjrneb  I  find  : 

^«f;      MeanMagn.    Oxfd,  Camb. 

I  •_•'(>  +o!o94 

7  3.5  +0.089 

;i  l..i  +0.156 

38  5.2  +(i.l21 

30  5.7  +0.117 

Thus  from  the  first  to  the  sixth  magnitude  there  is  no 
evidence  of  a  material  difference  between  the  magnitude- 
equations  of  the  Cambridge  and  Oxford  right-ascensions. 

If  we  take  the  10  proper  motions  of  the  Greenwich 
Catalogue  belonging  to  Professor  Turner's  group,  6".0  to 
6M.4,  we  shall  have  as  the  correction  to  his,  Oxford-Cam- 
bridge, for  those  stars,  +0\088;  likewise  for  the  11  stars 
of  group,  6M.5  to  6".9,  a  correction  amounting  to  +  0".035. 
If  we  suppose  the  residual  effect  of  neglected  proper  mo- 
tion for  the  remaining  stars  in  each  group  to  be  zero,  we 
shall  have  as  corrections  to  Professor  Turner's  group 
numbers  respectively,  +t)s.ol(i  and  +0".003.  Then  we 
shall  have  : 


** 

.Mean  Maun, 

Oxford  Camb 

ss 

6.0  to  6.4 

+-0.114 

147 

<;.:.  to  0.0 

+0.096 

This  still  further  sustains  the  hypothesis  that  the  mag- 
nitude effect  for  the  Cambridge  zones  is  almost  wholly 
confined  to  the  telescopic  stars. 

It  should  not  be  overlooked  that,  in  order  to  reduce  our 
points  of  difference,  in  the  foregoing  remarks  I  have  waived 
special  consideration  of  the  fundamental  uncertainties 
which  underlie  researches  in  which  it  is  assumed  that 
the  residual  effect  of  a  large  number  of  proper  motions 
may  lie  assumed  to  be  zero  in  relation  to  a  small  quantity. 
For  a  brief  discussion  of  this  point  I  must  refer  to  my 
former  papers.  A  fairly  complete  catalogue  of  these  futile 
works  would,  perhaps,  surprise  those  who  have  not  been 
observant  in  this  matter. 

It  is  well  understood  that  the  zone  observations  of 
l.wwi'i:.  Bessel  and  Argelander  are  now  nl  very  little 
value  for  any  precise  investigation,  not  so  much  on  account 
of  the  errors  of  individual  star-positions,  as  on  account  of 
the  irregular  nature  of  the  systematic  corrections  required 
for  the  individual  zones.  Unless  proper  precautions  are 
taken  the  work  of  some  parts  of  the  great  photographic 
survey  now  going  on  will  suffer  for  a  like  reason.  Meridian- 
observers  should  see  to  it  that  the  positions  of  several  stars 
for  each  plate  be  determined  at  once.  Furthermore,  such 
meridian-observers  should  use  special  precautions  to  insure 
that  the  systematic  corrections  of  their  own  observations 
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can  be  hereafter  determined  and  applied.  This  can  be 
done  by  observing  large  numbers  of  stars  of  the  fourth  to 
sixth  magnitudes  (say)  in  the  vicinity  of  the  zones  in 
which  they  are  working.     Even  with  all  precautions,  since 


the  plates  will  be  in  the  tertiary  scale  at  best,  it  is  to  be 
feared,  from  nearly  every  point  of  view  as  to  accuracy,  they 
will  fall  very  materially  below  the  best  meridian  obser- 
vations. 


OBSERVED   MINIMA   OF   VARIABLE   STARS   OF   THE 
OCTOBER,   1901,   TO   APRIL,   1902, 

By  PAUL  S.  YENDELL. 


l/^-07>-TYPE, 


Observations  of  the  minimum  phases  of  the  A/gof-type 
stars  have  been  much  hindered  by  unfavorable  weather 
during  the  past  six  months. 

Although  I  have  availed  myself  of  every  opportunity 
that  has  offered  from  October,  1901  to  April,  1902,  during 
the  hours  when  it  is  possible  for  me  to  observe,  the  follow- 
ing nine  minima  of  three  stars  are  all  that  I  have  succeeded 
in  securing. 

The  reductions  have  been  made  in  the  same  manner  as 
those  of  other  minima  that  I  have  published,  excepting 
that  in  the  case  of  the  single  minimum  of  U  Cephei,  as  in 
those  published  in  No.  512  of  this  Journal,  and  for  the 
reason  there  stated,  no  mean  curve  reduction  is  given. 


320   i   Cephei. 

One  minimum. 

1902  April  2.  nineteen  observations,  from 
Local  Mean  Time. 

Time  of  minimum  by  single  curve,  9h  37'" 
Time  of  minimum  by  equal  brightness, 

Before  After  Me 


'toll 


Wt.    1. 


cS.6 

7  42 

11    24 

9  33 

s.s 

8     2 

10  59 

'.i  30.5 

9.0 

S   20 

10  52 

-.»  :;<; 

Mean 


9  :;:;.2 


Least  observed  light,  9". 2'. 


1(190   Algol. 

Five  minima,  as  follows: 

1901    Oetober  8,  nineteen  observations,  from  6h 
11"  22"'. 
Time  of  minimum  by  single  curve,  10*  2'",  wt.  3. 
Time  of  minimum  by  mean  curve,  10h  15'". 
Time  of  minimum  by  equal  brightness, 


Uefore 


After 


Mean 


3.4 

9  37 

11  25 

10  31 

3.6 

9  45 

10  35 

10  10 

Mean 


lo  20.5 


Least  observed  light, 


1901  November  20,  seventeen  observations,  from  61'  15" 
to  12"  15'". 

Time  of  minimum  by  single  curve,  10"  32"',  wt.  4. 
Time  of  minimum  by  mean  curve,  10"  22'". 
Time  of  minimum  by  equal  brightness, 


Before 

9  40 
1 0     5 


After 

ii  m 
11  15 
10  56 

Mean 


10  27.5 
10  30.5 

10  29.0 


Least  observed  light,  3™.69. 

1902  January  5,  ten  observations,  from  6h  2'"  to  9"  27" 
Time  of  minimum  by  single  curve,  7h  37'",  wt.  5. 
Time  of  minimum  by  mean  curve,  7"  ">.">'". 
Time  of  minimum  by  equal  brightness, 


Before 

After 

Mean 

h       in 

>i     ni 

ii     m 

3.2 

6     6 

9  22 

7  44 

:;.l 

6  42 

S  45 

7  43.5 

3.6 

6  59 

8  20 

7  39.5 

3.8 

7   22 

7  52 

7  o~ 

Mean         7  41.0 
Least  observed  light,  3M.96. 

1902  January  25,  nineteen  observations,  from  0"  55"'  to 
12h  15"'. 

Time  of  minimum  by  single  curve,  10"  7'",  wt.  5. 
Time  of  minimum  by  mean  curve,  9"  43m. 
Time  of  minimum  by  equal  brightness, 

Before  After  Mean 


2.8 

7   12 

12    15 

0  43.5 

3.0 

7  50 

11    25 

0  37.5 

3.2 

S    "" 

11    13 

0  47.5 

:;.4 

9     8 

10  51 

9  29.5 

:;.<; 

0  .".4 

in  .".7 

10     5.5 

Mean 

9  45.7 

Least  observed  light.  3M.71. 

1902  February  14,  twelve  observations,  from  7h  10m  to 

11"  58"'. 

Time  of  minimum  by  single  curve,  10"  42'".  wt.  ■". 

Time  of  minimum  by  mean  curve,  10"  30'". 

Time  of  minimum  by  equal  brightness, 

Before  After  Mean 

m  h      111  h      in  h       in 

3.8         10  29         10  57         lo  43 
Least  observed  light,  3M.88. 


i:;s 


l  II  l      AST  RONO  .M  I  C  A  I.    JO  0  I:  N  A  L. 


V  52] 


2610   R  Canis   Majoris. 
Three  minima. 
1 902  January   13,  nim  -.  from  7K  50"    to 

II    to-. 

Time  of  minimum  by  single  curve,  L01   18'",  wt.  I 
Time  of  minimum  by  mean  curve,  10    28 
Time  of  minimum  by  equal  bi 

Before  After  Mean 

6U3        9  is"       11  23™       10  2o'.5 
Least  it    6*.42. 

L902  January  30,  sixteen  observations,  from   7'  25m  to 
:  :   0 

i  of  minimum  by  single  curve,  II1'  15™,  wt.  5. 
Time  of  minimum  by  mean  cur\  e,  1 1 h  -<>'". 
Time  of  minimum  by  equal  brightness, 

Before  After  Mean 


6 . 1 

K>  9 

12  47 

1  1  28 

6.6 

10  25 

12  18 

11  21.5 

6.8 

10  50 

12  3 

11  26.5 

7.0 

lo  58 

1  1  30 
Mean 

11  14 

11  22.5 

ght,  7M 

;;. 

1902  February  7,  7h  22™  to  11'    15'",  sixteen  observations. 
Time  of  minimum  by  single  curve,  lo1,  22m,  wt.  5. 
Time  of  minimum  by  mean  curve,   101'  19™. 
Time  of  minimum  by  equal  brightni 


6  3 

8  lo 

1  1 

39 

lo  1  1 

6. 1 

9  0 

1  1 

:'.'; 

10  L1.5 

6.5 

9  29 

11 

2 

lo  15.5 

6.6 

9  15 

10 

39 

lo  12.0 

6.7 

9  59 

lo 

.",  1 

10  16.5 

Mean 


10    13.9 


Least  observed  light,  6M.76 


The  minimum  of  R  Canis  Majoris  on  January  13  is 
anomalous,  the  star  decreasing  only  to  6a.4,  at  which 
brightness  it  remained  nearly  two  hours. 

This  is  not  unexampled,  as  I  have  several  other  similar 
eases.  In  the  present  instance,  ever]  precaution  was  taken 
to  make  sure  that  the  anomaly  was  not  subjective,  and  I 
am  lairh  certain  that  such  was  not  the  case. 

I  made  especial  efforts  to  secure  as  many  minima  of  the 
star  as  possible  with  a  view  to  a  recurrence  of  the  anomaly, 
but  so  many  of  the  available  minima  fell  upon  cloudy  or 
moonlight  evenings  that  only  two  later  minima  were  se- 
cured, both  of  which,  as  will  be  seen,  were  perfectly  normal. 


'.  ,-.  Mass..  1002  .1 


LETTER    TO   THE    EDITOR    REGARDING    ASTRONOMICAL    EPHEMERIDES, 

By  A.  HALL. 


Che  i  lissance  des  Temps  have  taken 

a  step  which  might  well  have  been  taken  twenty  years 
thai  is.  they  will  omit  the  lunai  distances  after  1905. 
With  the  great  extension  of  accurate  determinations  of 
longitude,  by  means  of  telegraphic  lines,  the  need  of  lunar 
distances  has  becomi  and  they  are  rarely  used.     If 

a  case  should  occur  it  could  be  computed  directly  by  some 
of  the  simple  formulas  such  as  Bremikeb's.  Such  a 
change  in  the  American  Epnemeris  would  save  yearly 
Seventy-two  pages  of  printed  matter. 

ii,  what  is  the  use  of  so  much  space  being  given  to 

the  small  stars  julted   by  the  moon.      Probably  one-fifth 

of  this  space  is  sufficient  to  give  all  the  data  reallj  needed 
for  the  bright  stars  and  I 

Although  time  will  no  doubt  is  in  the  theories 

of  the  planets,  our  present  tables  appear  to  !»•  accurate  and 
Th     is  id   t  be  <  I  he  secondary 

■  enty  satellites  of  the  outer  planet 

.  made  u  itli  a   uniform   method  and 

in.     It  is  ■  '     urnian  system  should  be 

invest  no1  bj  parts.     The  great  ti  le 

can  now  furnish  good  ons,  and  it  is  to  be 


Imped  thai  observers  may  unite  on  one  plan.  On  account 
of  the  ring  and  the  figure  of  the  planet,  and  its  brightness, 
Titan  is  a  good  center  to  which  the  observations  can  be 
referred. 

Professor  II.  Stkuve  has  begun  a  good  work  on  this 
grand  system,  and  his  investigations  should  be  continued. 
The  figure  of  the  planet,  the  attraction  of  the  ring,  the 
action  of  the  satellites  on  each  other,  the  curious  motions 
of  Hyperion,  and  the  action  of  the  sun  on  the  satellites, 
ought  to  be  discussed  in  a  general  manner.  This  is  a  work 
that  might  well  be  undertaken  by  the  ( )flice  of  the  American 
Ephemeris.  The  theories  of  Jupiter's  satellites  also  need 
revision  and  new  tables. 

I  ii  t  he  future,  stellar  astronomy  will  demand    more  atten- 
tion.    Besides  the  proper  motions  of  the  stars   and   the 
motion   of  the   sun    in   space,    which   are   being   slowh   dis- 
.il   would  be  well.   1  think,  if   the   rapid  double  stars, 
the  variable  stars,  and  stars  with  peculiar  and  interesting 
motions  could  be  noticed  in  a   wa\  that   would  direct  the 
ei'S.      The}     would    need    but    a    small    space    m    the 
Ephemeris. 
Goshen,  Conn.,   1902  May  7. 
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ON  TWO  THEOREMS  CONCERNING  THE  METHOD  OF  LEAST-SQUARES, 


Iiv  .7.   NIDZUHARA. 


Mr.  Hakold  Jacobs  has  demonstrated  the  following 
theorem  in  the  AstronomicalJournal,  Vol.  XXII,  page  84: 

"  If  there  be  given  two  series  of  observation-equations 
as  follows : 


(1) 


falx  +  blJf+elx  +  . 
a1x+bsy  +  csz  +  . 


+  nt 

+  n. 


(  ■il.r  +  bl!/  +  rl.: 
(-)       ■!  a2a;  +  62y+c2« 


+  p1  w  + 
+  p„  w  + 


+»,  =  0 

+  n„  =  0 


then,  no  matter  what  may  be  the  law  of  the  coefficients 
pjj  p„,  .  .  .  ,  and  even  if  these  coefficients  are  assigned 
at  random,  (yv\  ,  the  sum  of  the  squares  of  the  residuals  re- 
sulting from  the  least-square  solution  of  (1)  is  always  larger 
than  ('•'•)„,  that  from  the  solution  of  (2)." 

By  the  light  of  this  theorem  we  may  also  demonstrate 
the  following  theorem  : 

Let      ]>.i\ ,  jiij1  ,   pz be  the   weights   of   the 

values  of     x,  y,  a,    .    .    .       found  from  the  normal  equa- 
tions of  (1)  and      pxs,  />//„,  pz.,,     ...       be  those  from 
the  normal  equations  of  (2),  then     pxt,  pylt  pzlt    .    .    . 
are  always  larger  than    ]ix„,  p;/„,  pz„,   .    .    .   respectively. 

Demonstration.  — Let  there  be  given  two  series  of  obser- 
vation-equations which  are  identical  with  those  of  the 
equations  of  (1)  and  (2),  except  that  the  former  constant 
terms  satisfy  the  following  conditions: 

{an')  =   -1 

(bn1)  =  (en1)  =  (dn>)  =   .    .    .  =  0 

then,  substituting  their  numbers  in  the  following  general 
formula, 

(vv)  =  (mi)  +  (an)  x  +  (bn)y  +  (cn)z  +  .    .    . 

we  have 

(yV)i  =  (ii'n')  -  .»-,'     ,      (u't'%  =  (n'n')  -  ■•:,' 

But  by  above  theorem  of  Mr.  Jacoby  we  must  have 

(<;'«'),  >  (v'v')„ 
or  (rV)  —  .?"/>  (n'n1)  —  .»•._.' 

1  1 

«r  -,  >  -i 

■'  1  J2 


Xow,  it  may  be  easily  seen  that  the  first  member  of  the 
last  inequality  is  equal  to  the  weight  of  the  value  of  x 
found  from  the  normal  equations  of  (1),  and  the  second 
member  of  the  same  to  that  from  the  normal  equations  of 
(2),  and  therefore  we  must  have 

par,  >  /u-, 

By  the  same  reasoning  we  may  demonstrate  the  follow- 
ing inequalities  : 

pr.x  >  p^ 


Mr.  Jacoby  says,  as  his  conclusion  of  the  above  first 
theorem,  that : 

"  In  such  cases,  astronomers  not  infrequently  give  prefer- 
ence to  the  solution  which  brings  out  the  smallest  value  of 
(vv)  ....  To  give  preference  to  the  second  solution  it 
is  necessary  that  the  diminution  of  (vv)  be  quite  large,  and 
that  the  additional  unknowns  possess  a  decided  a  priori 
probability  of  having  a  real  existence." 

The  first  part  of  this  conclusion  perhaps  depends  on  the 
author's  misapprehension  of  the  principle  of  probability. 
For  I  believe  that  to  compare  the  probabilities  of  the  two 


('•Oi 


and 


(vv\ 


where 


solutions  we  must  necessarily  take 

III  II.  Ill    Un 

m  expresses  the  number  of  observations,  and  v^  and  n..  are 
the  numbers  of  the  unknown  quantities  in  the  first  and 
second  solutions  respectively  ;  if  then,  the  last  part  of  the 
above  conclusion  is  a  sufficient  condition,  but  not  necessarj', 
for,  it  is  only  words  that  assign  no  weight  to  the  result  of 
the  method  of  least-squares;  therefore  I  shall  only  say,  as 
to  the  conclusion  of  his  theorem,  that  to  give  preference  to 
the  second  solution  it  is  necessary  that  the  diminution  of 

(v»)  is  larger  than  (»,  —  ?(,)    — — —  . 
m  —  vx 

If  we  give,  however,  preference   to  the  solution  which 

has  least  probable  error  of  a  certain  proposed  unknown 

quantity,  such  as  time-correction-terin  in  portable  transit 

observations,  it  follows,  by  the  light  of  the  above  second 

theorem,  that  if  the  probable  errors  of  a  single  observation 

in  the  two  solutions  are  equal  we  must  give  preference  to 

the  first  solution. 

Tokyo-Astronomical  Observatory,  1902  March  (j. 
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COMET  a  19012  (i: rooks), 
Mr.  W.  K.  Brooks  announced  his  discovery  of  a  comet 
on  April  14;  and  telegraphed  to  the  Barvard  College  Ob- 
servatory its  approximate  position  on   April  15,  16h  mean 

time,  as     a  -  23  I  =  +27°  25'.     ■•  Motion,  cast 

L2" .   south    '.  ish,   wil  h    tail."     Cam  pbell,    from 

Lick   Oh  tory,    telegraphed    a    position    obtained   by 

Aitkkn.  and    l'r.  Kukitz  one  observed  by  Hostkj.maxn  at 
Eonigsberg,  as  follows  : 
L902  Gr.  M.T.  a  8 

April  16.5521 
L6.9946 


23   15  41.1 
23  21     7.7 


+26     6  35 

+  25  12  26 


Dr.    Ki;i  i  r/.    also    cabled 
ephemeris : 


the    following 
T  =  1902  May  7.12  Gr. 


1  [ostelmann 

Aitken 

elements    and 


a 

i 

7 

-  228  23 
=    52  15 
=    66  30 
=  0.4512 

-  Eclipt  ic 

i;r.  Midnight 
April  27 

\l;n         1 

5 
9 

ll            ID          S 

1    22  20 

1  57  24 

2  25     8 
2   16  36 

8 

+1  30 
-4  36 
-7  58 
-9     7? 

Br. 
1.41 

(1.71 

Computed  from  observations  of  April  16,  17,  18. 

Dr.  Leuschner  (May  2)  telegraphed  elliptic  elements 
and  ephemeris  to  the  Harvard  College  Observatory,  as 
follows  : 


T  =  19d2  May  28.39  Gr. 
Equator 


Si 

i 

=274   30 
-     35     3 

=     71  50 

7 
Period 

0.5542 

-  0.3947 

0.88  yr 

Midnight 

n 

May     1 
5 
9 
13 

1  54     8 

2  20  52 

2  41     8 

2  57  12 

8 

Mr. 

5  26 

2.09 

;>  58 

2  30 

l.(i7 

Elements  are  stated  to  be  rude,  and  as  indicating  possible 
identity  with  Comet  1748  II.  Another  solution  gave  a 
hyperbola.     Computers,  Stehbins,  Curtis,  Weywouth  and 

I.]  i  SCHNER. 

Manifestly  these  contradictory  solutions  are  to  be  re- 
garded as  nominal  results  of  computation,  indicating  merely 
the  insufficiency  of  the  data  to  establish  any  deviation  from 
parabolic  velocity. 

Additional  observations  by  Hartwig  and  Pechule 
(A.N.  3788)  are  as  follows : 

Local  M.T.  a  8 


Apr. 


16  15  3d  10 
16  15    ,s    6 


Bamberg  23  16  27.57     +25  58  59.1 

Copenhagen    23  16  12.81     +26    1  21.0 

—  Ed. 


ELEMENTS   AND   EPHEMERIS   OF   COMET  a.  1902, 

By   H.  KREUTZ. 

Ephemeris  for  12h  Berlin,  computed  by  M.  Ebell: 


I  send  you  for  printing  in  tin-  Astronomical  Journal  tin- 
following  elements  of  the  new  Comet  a  1902  (Brooks),  de- 
ity Dr.  1"..  Strohgren  and  myself  from  observations 
at  Konigsberg,  April  16,  and  at  Arcetri,  April  17  and  is. 

T  =  1902  May  7.519  Berlin  M.T. 


Q  = 

log'/   = 


22S   -2.7  ) 

52  L5.4     L9C2.0 

66  30.4  ) 
9.65436 


1902 

April  27 

1  21  58 

+  1  34.1 

1.41 

Mav       1 

1   57     7 

-4  .".3.4 

1.22 

5 

2  24  53 

-7  56.7 

0.97 

9 

2  46  25 

-  9     6.8 

0.71 

13 

3     3  15 

-8  47.5 

0.48 

17 

3  10  45 

—  7  37.5 

0.32 

21 

3  27  59 

-6     3.8 

0.22 

The  comet  is  lost  for  the  northern  hemisphere,  but  it 
can  possibly  be  observed  for  some  time  at  the  observatories 
situated  in  higher  southern  latitudes. 
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I.i  iiii:  i..  i  iii.  Editor  Regarding   Astronomical  Ephemerides,  i;v  a.  Hall, 
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MICKOMETRIC   MEASURES   OF   DOUBLE   STARS, 

MADE    WITH    THE    12-INCH    EQUATORIAL    AT   THE    U.S.   NAVAL   OBSEKVATOHY, 


By  E.  A. 

The   usual    precautions   were   taken   in    measuring   the  | 
position-angles.     Each   observation    is    the  mean    of   four| 


/J  256. 

a  =  0h  14"'.4  ;  8  =  —14°  26' 

1900.82  264.5  2.66 

0^179. 

a  =  7"  37m.2   ;  8  =  +24c  41' 

1900.26  234.5  .    . 

.28  239.2  6.22 

.32  238.7  .    . 

.36  244.6  6.66 


separate  measures  for  angle,  and  four  separate  double  dis- 
tances.    The  positions  are  for  1S80. 


1900.30 


239.2 


6.44 


2 12::;. 

a  =  81'  40m.4   ;  8  =  +t>    52' 
1900.27  243. 6  3.31 

.27  239.3  3.04 


1900.27 


241.4 


3.18 


2  1280. 
a  =  8''  44'".4   ;  8  =  +71°  10' 
1900.27  48.8  4.96 

.27  43.7  4.89 


1900. 


46.2 


4.91 


02  196. 

a  =  8h51'".0  :  8  =  +4S°31' 

190H.27  355.3  8.75 

.30  358.3  7.73 


1900.28 


356.8 


8.2  I 


,£1296. 

a  =  8h  51"'.S  ;  8  =  +35c  25' 
1900.36  95.1  3.89 

21334. 
a  =  9h  11". 4   :  8  =  +37°  19' 
1900.26         240.5  2.93 

.27  245.0  3.25 


1900.27 


242.8 


.09 


2"  1338. 

21523. 

02257. 

u  =  9>>  13"\4  ;  8  =  +38°  42' 

a  =  ll1' 

11'".8  ;  8  =  +32°  13' 

a  =  12''  51„,    .   g  _  +4(jo  16. 

1900.36           165.0            2.31 

1900.30 

117.:;          2.47 

1900.49          355.5         12.77 

.54 

1  19.:;          2.40 

.50          355.3         13.27 

02  200. 
a  =  &>  1G'».6  ;  8  =  +52°  5' 

1900.42 

1  18.3           2.44 
2 1527. 

.54          353.4         12.86 

1900.51          354.7         12.97 

1900.27           325.3           2.43 

28         329  7           1  74 

a  =  ll1' 

12'".  7  :  8  =  +14   50' 

21707. 

1900.30 
.32 

15.6           2.93 
16.1           3.15 

a  —  12h  55"'.3   ;  8 1-16°  31' 

1900.27          327.5           2.08 

1900.36            36.5           9.59 

.44            37.4         10.53 
.54            36.6         10.02 

v1374. 

1900.31 

15.8           3.04 

a  —  0''  34'".0  ;  8  =  +39°  30' 

21536. 

1900.15            36.8         10.04 

1900.27          284.7           3.25 

a  =  ll* 

17'".6   ;  8  =  +11°  12' 

21722 

.28          282.6           3.25 

1900.30 

50.5            2.70 

a  =  13h  2"'   :  8 (-16°  S' 

.32 

51.2           2.40 

1900.27          283.6           3.25 
£1386. 

1900. 36         334.6          3.38 

1! .31 

50.8           2.55 
2  1543. 

.48          336.8           3.31 

1900.42          335.7           3.34 

a  =  9b  45'".6  ;  8  =  +69°  28' 

a  =  ll1' 

22"\6  ;  8  =  +40°  0' 

02261. 

1900.27          290.7            2.20 

1900.30 

359.5          5.05 

a  =  131'  6"\4  ;  8  =  +32°  43' 

.27          296.5          2.06 

..j  2 

356.1           5.70 

1900.53          343.2           1.88 

.54 
1900.39 

358.1           5.95 

357.9            5.57 

.53          343.2           1.80 

1900.27           293.6           2.13 

1900.53          343.2           1.84 

2142S. 

21553. 

21771. 

a  —  10>>  1S'".4   :   8  =  +53°  14' 

a  =  ll1' 

30'". 0  ;  8  =  +56°  48' 

a  =  13'"  33'".5  ;  8  =  +70°  23' 

1900.28           90.7           2.91 

L900.43 

105.5           5.86 

1900.53             72.0           2.11 

.29            89.1           2.61 
L900.28            89.9           2.76 

.48 

17  is           5.86 

.53            78.9           2  2 1 

1: .45 

168.6           5.86 

1900.53             75. 1            2. 1 8 

21596. 

£1776. 

21139. 

a  =  ll'' 

58'".0  ;  8  =  +22   8' 

a  =  I3h36m.8  ;  8  =  +40   50' 

a  =  10i'23m.5  ;  8  =  +21°  25' 

L900.43 

238.5          3.89 

1900.53          199.2            7.10 

1900.29          129.0          2.61 

.50 

240.3           3.61 

.53          196.7            6.95 

1900.16 

239.  i            3.75 

1900.53          198.0           7.06 

02  233. 

2  10S7  AC. 

v  1 785 

a  =  ll1'  11'".0  :  8  =  +67°  2'.1 

a  =  12* 

47"'. 4    :   8  =  +2J    54' 

„  =  13M3"\6  ;  8  =  +27c  35' 

1900.30         331.8           1.58 

L900.49 

123.9          2S.7S 

L! .53          27  7.1             1.94 

.32          334.8          4.50 
1900.31          333.3          4.57 

.50 

L26.6         28.60 

.53          273.9           L.97 

1000.  l-.i 

125.2         28.69 

L900.53         275.5          1.96 

(141) 

142 


£1813. 

=  U"  7'". 4   ;  8  =   I 


L900.50 
.50 
.54 


186.1 
196  8 
195.7 


5.35 

is:, 
i  19 


1900.51 


L92.9 


2  I  316. 

81.4  2.01 

..-,1  so.r,  1.71 

1  86 


a  =  Hh 

l( 53 

.54 
.57 


81.0 

2  L820. 
i'".l   ;  8  =  +55 

79.9  2.29 

S1.8  2.52 

82  3  2  29 


1900.55 


u  =  14h 

1900.50 
.53 


81.3 

2  1 858. 

S  =+30°  i 
14.2 
35.3 
39.4 


2.37 


Li 53 


39.6 


.",.(» i 


a  =  14" 

L900.50 

.53 


£1864. 
:;;,,".  1    ;  8  =  +16   56' 
L01.2  6.59 

104.0  6.57 


L900.5I 


a  =  14" 

L  900.50 
.53 


L02.6 


6.58 


£1871. 

:;7'".;,   ;  8  =  +51    55' 
289.2  2.39 

294.6  2.00 


11 .5] 


291.9 


2  is; 


a  =  14"39'".7  ;  8  =  +27c  35' 
1900.62         326.3  3.09 

.65  331  3  2.97 

66         323.1  3.41 
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£1934. 
a  =  16*  13m.2   :  8  =  +44° 
L900.53  29.7 

.:,:;  29.1 


[900  53 


1900.64 


326.9 


3.16 


r. .57 


L92. 


1 


29. 1 


14' 
6.80 
6.73 

6/76 


01  288. 

a  =  14M7"'.7   ;  S  =  +16    12' 
1900.53  L89.1  2.22 

57  L94  8  1.35 

61  r.'l  -J  1  69 


10 


£1909. 
a  =  14"»59ra.8  ;  8  =  +4-   7' 

1' .53  244.8  1.69 

;,:;  236.9  1.94 

.59  247.1  1.44 


02  296. 
a  =  15"  22m.2   :  8  =  +44 

L! 53  305.7 

.53         303.5 


L900.53 


304.6 


26' 

2.11 
1.99 

2i05 


£1954. 
a  =  15h  29'".  1    ;  8  =  +10    56' 
1900.53  L85.0  3.71 

.57  L84.2  3.96 

.59  is  I  6  3.52 


1900.57 


184.6 


3.73 


£1956. 

a  =  15"  29"'  ;  8  =  +42  13' 

1900.53  39.5  1.58 

.53  12.4  1.97 


1900.53 


41.0 
0£298. 


1.78 


a  =  15"31">.7   ;  8  =  +40°  13' 
1900.50  185.8  1.60 

.53  179.1  1-58 


1900.52 

a  =  15" 
1900.59 
.59 

1900.59 

a  =  15" 
1900.59 
.59 

.(30 


182.4 


1.59 


0£299. 

32'"  ;  8  =  +04°  15' 
23.1  3.22 

2G.8  3.20 


25.0 

£1965. 

34"'.9  :  8  = 
305.2 
304.3 
304.6 


3.21 

+37°  1' 
6.50 
6.39 
6.43 


1900.61 

a  =  15' 

1900.59 

.59 


304.7 

£1985. 

49"'.  7  ;  8  = 
338.3 
335.3 


1900.59 

u  =  16" 

1900.59 
.59 
.66 


336.8 

£2021. 

">.7  :  8  = 
157.2 
153.1 
153.8 


+13c 


£2044. 

a  =  16"  20'"  ;  8  =  +37°  19' 
L900.60  342.6  sen 

.61  344.0  8.93 


6. 1 1 

1     19' 
5.49 
6.02 


1900.60 


343.3 


8.76 


a  s,  orpil. 

a  =  Hi"  22'"   :  8=  26    L0' 
1900.60          265.5  3.15 

.61  268.3  3.43 


5.7G 

51' 
3.94 
:j.84 
3.4 1 


1900.61 

a  =  1(1" 

1900.57 

.59 


154.7 

2  2032. 
10"'.2  :  8  = 

IMS,: 
216.6 


1900.60 

a  =  16" 

1900.59 
.59 


3.73 

K.I    Pi' 
1.26 
1.40 


1900.55 


242.9 


1.69      Li .58 


217.6 


4.33 


266.9 


3.29 


£2054. 

!2'»  :  8  =  +61  58' 

176.5  1.32 

180.2  1.28 


178.3 


1.30 


1900.59 

£2052. 

a  =  1(1"  23'".6    ;  8  =  +ls    40' 

1900.60  95.9  •-'."7 

.01  97.1  2.19 


1900.60 


96.5 


2.13 


£2055. 

a  =  Ul"24'".9  ;  8  =  +2°  15' 

1900.60  47.3  1.60 

.61  60.2  1.92 

.70  53.8  1.58 


1900.64 

a  =  16"  40" 

1900.60 
.61 


53.8 

£2097. 

;  8 
85. 


1.70 

+35°  57' 
2.01 

2.17 


1900.60  84.8  2.09 

0£318. 

a  =  16"  51'"   ;  8  =  +14°  IS' 

1900.70  244.9  3.06 

£2130. 
a  =  17"2'".9  .  8  =  +54° 38' 
1900.66         144.0  3.25 

.70  147.5  2.40 

1900.68  145.8  2.82 

£2135. 

a  =  17"  7'"  :  8=  +21  22' 
1900.66          178.0  6.50 

.70  176.7  7.07 


£2190. 

a  =  17":;0'".9  ;  8  =  +21c4' 

1900.66  22.8         10.44 

.70  27.7         10.48 


1900.68  177.4  6.83 

£21  10. 

a  =  17"9'".1  ;  8  =  +14  32' 

1900.62  115.7  4.58 

.65  115.3  4.35 


1 '.Kill. OS 


•^:>:j 


in  16 


£2192. 

a  =  17":;.V".4  :  8  =  +29    18' 
L900.70  61.7         1  1  00 

£2205. 

a  =  17"40"'.4   ;  8  =  +17    46' 
1900.57  309.4  1.78 

.60         308.5  2.57 


1900  59 


1900.63  115.5  116 

£2165. 

a  =  17"  21'".6  ;  8  =  +29°  34': 

1900.66  *23.8  8.10 

.70  53.8  8.19 

1900.68  5 3  s  8.14 

■  Probablj  read  30   wrong, 


300.0 


£2218. 


2.18 


a  =  17h  39ra.6  :  8  =  +63°  44' 

1 '.inn. 70  158.7  2.01 

.70  158.5  2.24 


1900.70 


15S.6 


2'  2262 

a  =  17"  56'". 5  ;  8  = 
1 900.62         259.1 
.65  255.6 


2.12 


-8°  11' 
2.06 
2.08 


P. 6." 


259.4 


2.07 


£  '■'271 

a  =  17"57'".7  ;  8  =  +52°  51' 

1000.70  267.9  2.42 

£2267. 
a  =  17"57'".S  :  8  =  +40°  11' 
1900.70  246.2  1.28 


a  =  17"  59' 

1900.60 

.61 
.62 

.65 

.66 


.4  :  8  =  +2°  33' 

247.8  1.85 
256.4  1.88 
244.0  1.92 

247.9  1.67 
243.7  1.69 


1 900.63 


248.0 


£2303. 


1.80 


a  =  18"  13m.6  ;  8  =  —8°  2' 
1900.65         229.2  2.45 

.66  233.5  2.38 


1900.65 


231.4 


2.41 


£2316. 

a  =  18"  21'"  ;  8  =  +0J7' 
1900.57  312.9  1.26 

.66         321.5  3.71 

.68         317.5  3.S7 


1000.01 


317.3 


3.95 
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The  following  double  stars  were  discovered  by  Prof.  A.  N.  Skinner  during  his  work  upon  the  A.G.  Zone  —13°  50' 
to   —18°  10'.     The  positions  are  for  1890.0. 


*DM.  -15  3. 

a  =  0h  2"'. 4  ;  8  =  —14°  50' 

1900.82  107.2  9.93 

*  In  angle  and  distance  this 
agrees  with  Cin..  1  identified  by 
Stone  as  Weisse  0 14,  which  was 
not  noted  as  double  during  the 
zone  observations  here. 

DM.  -14  228  A'. 

a  =  lh  6'". 6   ;  8  =  —14°  13' 

1900.82  250.7         *8.42 

.82  252.6  9.61 


1900.82 
*  Best. 


251.6 


9.01 


DM.  -15  1261. 

a  =  5h  59m.2   ;  8  =  —15°  40' 

1900.83  169.1  4.82 

DM.  -17  1742. 

a  =  6h57'".8  ;  8  =  — 17°  37' 

1900.83  274..'.  5.17 

DM.  -16  1750. 

a  =  7h  0"\4    ;  8  =  —16°  28' 

1900.83  338.1  4.37 


DM.  -16  1895,4 

a  =  7h  14m.4  ;  8  =  —16°  36' 

1900.27  356.9*         6.59 

.32  291.8  2.56 

*  Evidently  two  different  stars. 

DM.  -16  2 7 Si;. 

a  =  9h  21n'.9   ;  8  =  —16°  47' 

1900.32  357.2  6.04 

DM.  - 14  3825  1! 

a  =  13"  4S"\2   ;  8  =  —14°  35' 

1900.27  292.3  2.75 

.30  297.1  2.13 


1900.28 


294.7 


2.44 


DM.  -14  3891. 

a  =  14h  4"'.8   ;  8  =  —14°  17' 

1900.36  326.5         13.57 

.43  324.6         12.77 


L90O.39 


325.5 


13.17 


DM.  -16  4169  A. 

a  =  15h  46'".  1   ;  8  =  —16°  54' 

1900.36  278.9  2.34 

.48  281.0  2.61 

.57  278.1  2.01 


1900.47 


279.3 


2.32 


DM.  -17  4630.4. 

a  =  16h  39™. 9  ;  8  =  —17°  9' 

1900.36  270.2  3.87 

.49  268.3  4.30 

.57  269.1  3.52 


1900.47 


269.2 


3.90 


DM.  -17  4821.4 

a  =  17h  23"\3  ;  8  =  —17°  43' 

1900.57  269.2  2.24 

DM.  -15  46517?. 

a  =  17h  35"\9   ;  8  = —15°  40' 

1900.57  286.4  4.23 

.65  276.3  4.07 

.66  279.4  4.31 


1900.63 


280.7 


4.20 


DM.  -17  5949. 

a  =  20h  14m.8   ;  8  =  —17    2' 

1900.72       '  337.5  3.S4 

.80  336.9  3.29 

.82  331.8  3.64 


1900.78 


335.4 


3.59 


DM.  -17  6080.4 

a  =  20h  40m.3   ;  8  =  —17°  6' 

1900.72  300.5  3.8( 


.82 
.82 


298.7 
300.3 


3.57 
3.4? 


1900.79 


299.8 


3.60 


DM.  -16  6142.4. 

a  =  22>>  37m.6  ;  8  =  —16°  43' 
1900.82  285.4  1.92 


.82 

.82 


289.6 


1.37 
1.67 


1900.82 


288.3 


1.65 


MAXIMA    AND    MINIMA   OF   VARIABLE    STARS,    OBSERVED    BY 
DAVID   FLANERY,   FROM   1895   TO   1900, 


THE    LATE 


Iiv  PAUL  S.  YENDELL. 


David  Flaneky,  late  of  Memphis,  Tennessee,  was  born 
in  Limerick,  Ireland,  in  the  year  1828,  and  came  to  this 
■country  in  1847.  At  the  breaking  out  of  the  Civil  War, 
in  1861,  he  was  residing  in  Jackson,  Mississippi,  as  Super- 
intendent of  the  Southwestern  Telegraph  Company. 

He  early  entered  the  Confederate,  army,  and  remained  in 
its  telegraph  service  throughout  the  war.  After  the  close 
of  the  conflict  he  went  to  Memphis ;  he  at  once  became 
permanently  identified  with  the  telegraph  business,  and  re- 
mained in  connection  with  it,  being  at  different  times 
manager  of  the  New  Orleans  and  Richmond  offices  of  the 
Western  Union,  until  too  frail  for  active  duty. 

Besides  being  a  practical  and  theoretical  electrician, 
Mr.  Flanerv  was  much  interested  in  astronomy.  It  was 
in  this  connection  that  I  first  heard  from  him,  early  in  the 
nineties,  in  a  letter  asking  for  information  regarding  cer- 
tain variable  stars.  In  this  line  of  work  he  continued, 
with  increasing  interest,  until  liis  death  in  1900. 

Through  the  courtesy  of  his  son,  Mr.  Charles  M.  Flaxery, 


!  I  bad  access  to  all  his  note-books  for  the  years  from  1895 
to  1900,  which  contain  practically  all  his  work  on  the 
variables.  They  contain  in  all  some  four  thousand  obser- 
vations  on  about  eighty  stars.  In  the  first  year,  many  of 
these  are  mere  identifications,  but  about  a  dozen  stars  were 
carefully  and  persistently  followed  as  long  as  he  lived. 

An  examination  of  these  notes  shows  that  the  observa- 
tions were  made  with  great  care,  and  the  notes  are  care- 
fully and  minutely  kept.  He  was  very  solicitous  in  securing 
the  best  information  accessible  to  him  as  to  positions  and 
magnitudes,  and  in  taking  every  possible  precaution  against 
avoidable  errors  of  observation. 

Mr.  Flanery  was  exceedingly  modest  as  to  the  value  of 
his  astronomical  work,  and  never  seemed  to  think  it  good 
enough  for  publication.  In  spite  of  all  discouragements 
and  difficulties,  and  the  occupations  of  a  busy  life,  he 
secured  valuable  lines  of  observations  of  a  number  of  varia- 
ble stars,  which  I  have  the  satisfaction  of  here  making 
public. 
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806  a 

(Six  maxima.) 

1895  Mar. 

i  .5 

;;"s 

::  l  obs. 

1S95  Jan.    16     to 

Mar.  22 

•/ 

1896  Feb. 

19 

3.7 

55    ■• 

1895  Oct.    14     to 

1896  Mar.  20 

j 1 

L89I 

28 

L2 

75    ■• 

L896  Oct.    26     to 

L897  Mar.  10 

1 

1897  Dec. 

•  > 

3.4 

82    ■■ 

L897  Sept.  L9     to 

1898  Mar.    13 

g 1 

L898  Oct. 

15 

2.6 

97    •• 

1898  An-.  20     to 

1899  Mar.      9 

■j 1 

L899 

23* 

I... 

80    - 

L899  Julj    19     to 

1900  Jan.   33 

g 1 

•    \   ma> 

.  of  4s 

.3  "ii  Aug. 

26  :  depression  to  5M.0  Sept.  13  ;   Max.  of  1"  0  on  Sepl 

23, 

2100 

/ '  Orionis.     (Two  maxima.) 

Isms  Mar. 

23 

6.3 

32  obs. 

1898  Feb.    11     to 

May      7 

good 

IV..'..     \ 

6 

6.3 

:;i    ■■ 

1899  Jan.    29     to 

Apr.    30 

good 

3493 

R  Leonis.     (Five  maxima.) 

1895  Feb. 

26.5 

5  "  1 

.-,(>  obs. 

1895  Jan.     2     to 

June     1 

good 

1896  Jan. 

11.5 

6.4 

50    " 

1895  Oct.    19     to 

1896  Apr.     7 

good 

1896  \" 

p.. 

6  5 

in    ■• 

1896  Oct.      7     to 

1897  .Ian.      3 

good 

L899  June 

•> 

6.2 

74    •' 

1899  Feb.    19     to 

July     7 

good 

L900  Apr. 

13 

5.6 

29    •• 

1900  Apr.     4     to 

.May   17 

uncertain 

1898  Mar.   23       <lo 


19   nbs. 


One  minimum : 
1898  Jan.    17     to 


July 


482G    R  Hydrae.     (Two  maxima.) 


f  ai  r 


1897  May     5 

1898  July     4 

1.0 
1.9 

33  obs. 
38    - 

is  17  S  I 

1897  Apr.     5 

1898  Apr.   28 

'irginis.     (Three 

to 
to 

maxima. 

July 
July 

) 

o 
29 

good 

not  so  certain 

1896  May  30 
L898July     6 
1899  Julj   25 

7.4 
6.2 
6.8 

21  obs. 
62    ■• 
32    " 

1896  Apr.     5 

1898  Apr.   28 

1899  May   29 

to 
to 
to 

July 
Aug. 
Aug. 

14 
22 
29 

fail- 
good 
good 

673.')   /,'  Scuti. 
Ism.",.  88  observations,  from  duly  25  to  Dec.  G. 

M  LXIMA  Minima. 

1895  Oct.  6.6     7.r.     good 


1895  Sept.  22    5.3 
Not.  28     1.3 


1896,  '■ bservations,  from  Feb.  19  to  Nov.  5. 


L896  June  is  6.3     good 

Lug.  29  5.4     good 

-     1. 18  5.9 

Oct.    21  5.7 


1896  July   19     7.5     good 
Sept.  10     6.4 
Oct.      2     6.5     good 


1  897,  131  ol  Feb  2  to  Nov.  1' 


1897  Feb     26     5  I 
June    5    4.8 

17 
1  I 


- 


1897  July     2     6.6 

July  31     6.3 

21     8.0 


1898,    i  ions,  from  June  6  to  N"\ .  18. 


1898  Julj    31      I  9  I 

-     :    18     5.4 


1898  Jui  i   '-•:     7. 
Aug.  25     6.2 


(Sab  mm  i 


Oct.    21     6.5 


1S99,    17  observations,  from  May  27  to  Oct.  8. 
Mamma  Minima 


1899  July  II 
Aug.  19 


good 
good 


1899  June    9 
Aug.     5 


6.9 
6.5 


good 
good 


70S.-,.,  SV  Cygni. 

1899,  71  observations,  from  August  11   to  Dec.  28. 

Maxima 

1899  Aug.  26.88  2  obs.  9  Aug.  30.98     2  obs. 

31.73  2    » 

Sept.    4.02  2    •' 

12.38  1    •■ 

27.38  1     •• 

Oct.      5.51  1     •• 

9.22  1     ■• 

24.62  2    - 

28.48  2    " 

Nov.     5.17  1     •• 

28.38  1     •• 

1900,  24  observations,  from  May  29  to  duly  14. 

M  a  x  i  m  \  Maxima 


Minima 

1899  Aug.  30.98 

Sept.    3.78 

11.08 

15.12 

30.24 

15.23 

23.08 

27.28 

30.88 

3.98 


Oct. 


Nov. 


I'.iuH  \i;n    20.55  2  obs. 

24.17  1     « 

31.89  I     ■• 

June  16.46  1     " 


I90H  June  24.00 


9     1 


July 


5. 1  I 
9.58 
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NEW   STUDY   OF   THE   POLAR  MOTION   FOR   THE   INTERVAL   1890-1901, 

Bl    s.  C.  CHANDLER. 


The  publication,  since  my  last  examination  of  the  obser- 
vations since  1890,  of  the  results  of  latitude-observations 
for  two  or  three  additional  years,  has  led  to  a  new  study 
of  the  whole  series  which  seems  to  throw  a  more  distinct 
light  on  the  nature  of  the  changes  in  the  annual  component 
of  the  polar  motion.  The  conclusions  from  this  discussion 
appear  to  be  definite  enough  to  warrant  printing. 

The  basis  of  the  investigation  is  the  table  of  the  observed 
coordinates  of  the  pole  on  p.  147.  Values  of  these  coordi- 
nates have  been  determined  from  time  to  time  during  the 
past  decade  both  by  Dr.  Albeecht  and  myself,  substan- 
tially from  the  same  body  of  observations  and  by  inde- 
pendent processes.  In  view  of  the  interesting  conclusions 
that  are  to  be  here  set  forth,  it  has  seemed  to  me  advisable 
to  include  both  of  these  series  in  the  comparisons  presently 
to  be  made,  in  order  to  demonstrate  that  the  inferences  are 
in  no  wise  sophisticated  by  the  particular  values  used. 
Both  systems,  therefore,  are  given  in  the  table,  under  the 
designations  "  Ch."  and  "Albr."  respectively.  It  was  con- 
venient and  desirable,  for  the  purpose  of  the  investigation, 
to  remove  as  far  as  possible  merely  local  and  accidental 
irregularities  of  individual  points.  This  has  been  done  in 
what  seems  to  be  an  unobjectionable  manner  by  comparison 
with  a  computed  curve  which  so  closely  represents  the 
track  of  the  pole  throughout  the  whole  eleven  years  that 
the  deviations  during  a  short  interval  like  three  or  four 
months  can  be  regarded  as  linear,  and  their  mean  for  a  few 
adjacent  values  furnishes  a  normal  value  for  the  middle 
point.  The  values  "Albr.''  given  in  the  table  were  adjusted 
in  this  manner  from  the  series  given  in  his  Bericlit  for  1898 
for  the  interval  1890.0-95.0,  and  in  those  of  1900  and  1901 
for  1895.1  onwards.  The  values  "Ch."have  been  analo- 
gously adjusted  from  my  independent  determinations. 
They  are  expressed  in  the  same  system  of  coordinates  that 
I  have  used  from  the  beginning,  +x  being  directed  to  lon- 
gitude 90°  east  of  Greenwich  (corresponding  to  Albrecht's 
+  */),  and   +y  towards   Greenwich  (his   —  x). 

The  coordinates  in  the  "  Computed  "  columns  of  the  table 
are  the  sums  of  those  of  the  definitive  fourteen-months' 
term  and  of  the  coordinates  for  the  other  terms  as  defined 
in  this  article.  Incidentally  it  may  be  mentioned  that  the 
above  table  will  be  convenient  for  the  purpose  of  com- 
puting variations  of  latitude.  If  X  is  the  longitude  of  the 
station  (reckoned  positive  west  of  Greenwich)  we  have 
<)D  —  qp0  =  x  sinX— y  cosX.  Either  set  of  values,  "Ch.," 
"Albr.,"  or  "Comp.,"  of  .'■  and  ?/  may  be  used. 

From  the  observed  coordinates  of  the  total  latitude- 
variation  given  in  the  table  were  subtracted  those  of  the 
fourteen-months'  term  according  to  my  definitive  determi- 
nation (see  table  III,  A.J.  495,  p.  119;  also,  <;/'.  Nos.  490 
and  494).  To  these  residuals  were  added  the  following 
table  of  small  corrections  for  tin-  purpose  of  reducing  the 


1890 

+  .006 

91 

+  .010 

92 

-.022 

93 

+  .003 

94 

+  .003 

95 

+  .001 

96 

—  .001 

97 

-.(111 

98 

-.012 

1899 

-.010 

1900 

+  .(1(15 

-.040 

-.035 

+  .020 

+  .015 

+  .005 

+  .005 

+  .006 

+  .005 

+  .016 

+  .019 

-.011 

-.015 

+  .015 

+  .006 

+  .005 

+  .002 

+  .004 

+  .001 

-.008 

-.003 

-.002 

-.006 

sums  of  the  residuals  for  each  calendar  year  to  zero  ; 
to  correctly  center  the  annual  ellipses. 

J.r  Jy 

Ch.  Albr.  Ch.  Albr. 

-".004 
+  .015 
-.006 
+  .009 
+  .002 
+  .005 
.000 
-.027 
-.012 
-.005 
+  .009 

The  results  so  obtained  are  drawn  in  the  accompanying 
diagram,  where  the  tenths  of  years  are  indicated  by  dots 
(or  crosses),  and  the  beginning,  middle  and  end  of  the  year 
by  the  numerals  0,  5  and  10,  respectively.  The  heavy  line 
indicates  "Ch."  and  the  broken  line  "Albr."  For  sake  of 
completing  the  figure  for  1891,  the  points  for  the  first  half 
of  that  year,  when  observations  are  lacking,  are  filled  in 
as  a  mean  of  those  for  the  same  portions  of  1890  and 
1892.  The  faint  computed  curve  will  be  explained  later. 
The  unit  of  the  graduation  on  the  margin  is  0".05. 

An  inspection  of  this  diagram  makes  manifest  three 
peculiarities.  First,  the  direction  of  the  major  axis  of  the 
elliptical  figures  is  subject  to  a  continuous  change,  the  upper 
end  of  it  lying  about  50°  east  of  Greenwich  in  1890,  and 
directly  towards  Greenwich  in  1898.  Secondly,  the  calen- 
dar date  on  which  the  pole  passes  this  apsis  also  gradually 
changes,  from  about  the  middle  or  end  of  March  in  1890  to 
the  middle  of  May  in  1898.  Thirdly,  the  size  of  the  ellipse 
shows  a  notable  and,  in  general,  continuous  diminution 
from  a  maximum  in  1891  or  1892  until  it  nearly  disappears 
in  1900.  Only  one  year.  1897,  shows  a  perceptible  depart- 
ure from  this  general  decrease;  but  even  there,  in  view  of 
the  uncertainty  of  such  determinations,  it  is  not  signifi- 
cantly a  contradiction  of  the  general  rule  for  the  series. 

Before  we  can  accepl  as  real  any  or  all  of  the  three 
peculiarities  just  pointed  out,  we  must  examine  whether 
they  may  not  have  been  factitiously  introduced  by  the 
assumption  of  the  particular  constants  of  the  fourteen- 
months'  term  by  means  of  which  the  figures  shown  in  the 
diagram  have  been  derived.  This  I  proceed  to  do  by  a 
demonstration  thai  seems  to  leave  no  reasonable  doubt. 

First,  suppose  we  make  no  assumption  as  to  the  fourteen- 
months'  term  and  merely  trust  to  its  elimination  ),-. 
employment  of  .seven  years'  observation;  an  elimination 
that  will  be  approximately  effected,  as  is  known,  bj  the 
commensurabilitv  of  the  terms.  Under  the  heading  .1 
below  1  have  placed  the  mean  value  of  the  coordii 
found  by   merely  taking  the  means  of  the  total   latitude. 
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variations  it  in  p.  147,  for  each  tenth  of  a  year 
for  the  -roups  1890.0  97.0  and  1894.0  1901.0.  Again,  I 
,  under  B  the  similarly  found  values  assuming 
tant  mean  value  0".14,  for  the  radius  of  the  fourteen- 
months'  term,  finally,  under  C  are  given  the  values  corre- 
spondingly found  by  tl onstants  of  the  fourteen-months' 

term  actual}}  used  in   bhe  present   investigation,  in  which 
the   radius   is  assumed    to  diminish   from   0".17  to  0".09 
;  L890  and  190] 


1890.0-  18! 

7. it. 

.1 

B 

C 

A 

i; 

C 

0.0 

029 

051 

.047 

+  .007) 

+  .007 

+  .008 

.1 

+  .018 

I 

+.003 

+  .07,3 

+.063 

+  .067 

.2 

+  .o::; 

+.050 

+  .050 

+  .085 

+  .103 

+  .103 

.'■'< 

+  .0S2 

•  083 

•   085 

+.083 

+  .107. 

+  .100 

.1 

•   072 

+.085 

+  .080 

+  .0  17. 

+  .063 

+.057 

.."> 

+.066 

+.062 

+  .057 

-.024 

-.017 

-.019 

.6 

+  .006 

+  .006 

K004 

-.086 

-.080 

-.077 

.7 

047 

-.043 

.017 

-.107 

-.117 

-.109 

.8 

—0S6 

-.080 

-.079 

-.106 

-.106 

-.097 

.9 

.089 

-.080 

-.080 

-.059 

-.061 

-.056 

1894.0-19C 

1.0. 

.1 

/>' 

c     ■ 

.1 

IS 

C 

0.0 

-".024 

-!o28 

-.033 

-!026 

-.019 

-!021 

.1 

-.007 

-.007 

-.014 

+  .017 

+  .021 

+  .024 

.2 

+.013 

+  .016 

+.009 

+  .056 

+  .061 

+  .067 

.3 

+.023 

+.033 

+  .02  1 

+  .067 

+  .070 

+  .076 

.4 

+.030 

+.039 

+.037 

+  .07.1 

+  .054 

+  .060 

.5 

-   029 

+  .034 

+.037 

+  .019 

+  .017 

+  .021 

.6 

+.013 

+  .017 

+  .020 

-.026 

-.034 

-.027 

.7 

.000 

-.001 

+  .000 

-.064 

-.071 

-.069 

.8 

-.012 

-.017 

-.006 

—  .069 

-.077 

-.076 

.9 

-.019 

-.020 

-.020 

-.044 

-.047 

-.051 

The  differences  between  A,  B  and  C  are  quite  insignifi- 
cant ;  and  if  the  three  sets  of  coordinates  be  plotted  for 
the  groups  1890-97  and  1894-01,  it  will  be  recognized  that 
the  resultant  ellipses,  which  correspond  to  the  mean  dates 
1893  and  1S97,  all  manifest  the  same  peculiarities  of 
change,  between  the  two  epochs,  that  have  been  above 
:  of.  I  think,  therefore,  that  we  may  safely  dismiss 
any  anxiei 

Reverting,  then,  to  the  curves  of  the  diagram,  it  becomes 


an  interesting  question  how  they  may  best  be  explained. 
It  is  manifest  that  what  we  have  hitherto  treated  as  a 
single  harmonic  motion  with  an  annual  period  is  really  the 
resultant  of  two  or  more  motions  of  different  periods.  Still 
retaining  the  hypothesis  that  one  of  them  is  annual,  we 
find  that  the  results  may  be  well  represented  for  the  whole 
interval  1890.0-1901.0  by  the  expressions 

a;,  =  0".046  sin  (0-303°)  +0".054  sin (*- 2411742)  0°.924 
,/l  =  0".067  cos  (O-   11°)  +0".045  cos  (£-2411763)  0  .92  I 

The  first  terms  of  the  coordinates  represent  the  annual 
term ;  the  last  terms  correspond  to  an  ellipse  with  a  period 
of  390  days.     The  elements  of  these  two  ellipses  are 


Annual  Term 

390-Day  Term 

April  8 

2411816  +390  E 

34° 

60° 

0".160 

0".115 

0.030 

0  .080 

where  T  is  the  date  when  the  pole  passes  the  major  apsis 
which  lies  nearest  to  Greenwich ;  w  is  the  angle,  reckoned 
to  the  east  from  the  Greenwich  meridian,  of  that  end  of 
the  major  axis ;  and  a  and  b  are  the  major  and  minor  axes. 

The  resultant  of  these  two  motions  is  depicted  on  the 
diagram  in  the  faint-line  curves,  so  that  a  direct  compari- 
son with  the  observed  curves  can  be  made.  I  have  also 
given  at  the  bottom  of  the  diagram  the  computed  curves 
from  1901  onward,  to  illustrate  the  general  nature  of  the 
motion.  Since  the  period  of  390  days  is  commensurable 
with  the  year,  the  curves  repeat  themselves  every  sixteen 
years;  thus,  that  for  1889  is  the  same  as  that  for  1905, 
for  example ;  so  that  a  whole  cycle  is  shown  on  the  chart. 

To  facilitate  the  comparison  of  the  observed  and  com- 
puted results,  I  give  in  the  following  table  the  elements, 
read  as  closely  as  may  be  from  the  diagram,  of  the  approxi- 
mately elliptical  figures  for  the  various  years.  This  can 
only  be  done  approximately,  since  these  resultant  curves 
are  not  closed  figures,  but  it  is  sufficient  for  the  purpose  of 
general  comparison.  It  will  be  seen  that  the  adopted 
hypothesis  accounts  satisfactorily  for  the  observed  changes 
in  the  size,  position  and  dates  of  maximum  departure,  for 
the  whole  period  under  consideration,  1890-1901. 


L890 

l.N'.  II 
IS'.  12 

1894 
1 895 
1896 

L898 
L899 

1000 


ibserved 

i  ion 

I  ll. 

Albr. 

M;ii. 

15 

Mai 
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Mar. 

Apr. 

7  : 

Apr. 

12 

Mar. 

Apr. 

10 

Apr. 

.. 

Apr. 

Apr. 

2 

Mar. 

20 

\pr. 

18 

Apr. 

i:; 

Apr. 

20 

War 

25 

Apr. 

A  or. 

L6 

Apr. 

19 

Apr. 

Apr. 

23 

Apr 

17 

May 

i 

\1,; 

1  1 

Ma 

May 

M;n 


17 
28 
17. 
17 
19 
21 

26 

o 

9 
22 
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0) 

ObsM    Comp. 

Oh. 

All.r 

43 

51 

16 

11 

48 

43 

47 

27 

41 

33 

20 

38 

29 

32 

31 

22 

15 

21 

25 

29 

17 

I 

1 

12 

2 

0 

3 

» 

* 

350 

* 

# 

335  : 

•  Indeterminate 


( ibserved 

Comp. 

( ibserved 

Comp 

eh. 

Albr. 

Cli. 

Albr. 

0.25 

0*24 

0*25 

* 

* 

o!o8 

..".1 

.32 

.26 

0.12 

o.ll  : 

.09 

.30 

.21 

.27 

.11 

.10 

.10 

.28 

.25 

.27 

.13 

.11 

.11 

23 

.20 

.25 

.10 

.08 

.11 

22 

.  2  2 

.23 

.05 

.07 

.11 

.... 

.23 

.20 

.10 

.12 

.09 

.23 

.2  1 

.10 

.10 

.13: 

.08 

.10 

.18 

.13 

.06 

.09 

.05 

o.os 

0.08 

.10 

t 

t 

.02 

t 

t 

0.07  : 

t 

t 

0.02 

t  Small  and  in 
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X 

Coordinates  of  th 

y 

* 

e  Pole, 

1890-1902. 

V 

Ch. 

Albr. 

Comp. 

Ch. 

Albr. 

Comp. 

Ch. 

Albr. 

Comp. 

Ch. 

Albr. 

Comp. 

1890.0 

-.050 

-!'076 

+  J)01 

+  "234 

+'^277  ■ 

+  "209 

1896.0 

+  ."019 

+  .01'! 

-".002 

+  .081 

+  .105 

+  .000 

1 

+  .108 

+  .110 

.134 

.260 

.274 

.22S 

.1 

.00  1 

.001 

+  .000 

.001 

.111 

.081 

o 

22] 

"''7 

.234 

.198 

.196 

.168 

2 

.140 

.143 

.111' 

.001' 

.073 

.061 

3 

.262 

.170 

.L'Ol 

+  .089 

+  .078 

+  .004 

.3 

.150 

.101 

.131 

+  .017 

+  .oi'l 

+  .033 

4 

.221 

.238 

.213 

-.043 

-.001 

-.00.-, 

.4 

j .,., 

.132 

.103 

-  .054 

-.054 

-.014 

5 

+  .10.". 

+  .123 

+  .095 

.166 

.182 

.184 

.5 

+  .00,3 

+  .072 

+  .052 

.130 

.124 

.080 

6 

-.049 

.027 

-.053 

.223 

.231 

.2  11 

.6 

-.02S 

-.027 

025 

.157 

.  1 51' 

JOS 

7 

.177 

.158 

.174 

.202 

.211 

.232 

.7 

.111 

.120 

.000 

.150 

.145 

.111 

8 

.254 

.137 

.240 

-.106 

-.111 

.150 

.8 

.158 

.107 

.131 

.102 

! 

.os;; 

9 

-.260 

-.27:; 

.235 

+  .050 

+  .033 

-.011 

.0 

.157 

.170 

.132 

-.012 

.000 

-.013 

1891.0 

- 

- 

.148 

- 

- 

+  .127 

1897.0 

.107 

.121 

.000 

+  .000 

+  .103 

+  .066 

1 

- 

- 

-.030 

- 

- 

.225 

.1 

-.028 

-.017 

-.02.-, 

.102 

.173 

.123 

2 

- 

- 

+  .102 

- 

- 

.258 

0 

+  .072 

+  .073 

+  .O01 

.ISO 

.103 

.144 

3 

- 

- 

.189 

- 

- 

.20s 

.3 

.1  12 

.147 

.120 

.149 

.100 

.11';; 

4 

- 

- 

.214 

- 

- 

+  .002 

.4 

.10.4 

.170 

.140 

+  .070 

+  .078 

+  .061 

5 

+  .190 

+  .171 

.195 

-.100 

-.000 

-.010 

.5 

.148 

.170 

.123 

-.046 

-.041 

-.033 

(•> 

+  .071 

+  .043 

+  .099 

.230 

.209 

.175 

.6 

.107 

.144 

+  .078 

.147 

.140 

.112 

7 

-.035 

-.046 

-.009 

.297 

.286 

.251 

.7 

+  .010 

+  .040 

-.017 

.198 

.198 

.151 

8 

'       .101 

.142 

.121 

.270 

.266 

.1':;;, 

.8 

-.057 

-.035 

.080 

.100 

.200 

.149 

9 

.186 

.180 

.182 

.187 

.10.", 

.161 

.9 

.106 

.007 

.130 

.141 

.115 

.100 

1892.0 

.173 

.172 

.188 

-.041 

-.048 

-.023 

1  SOS. II 

.118 

.123 

.136 

-.038 

-.046 

-.018 

.1 

.106 

.130 

.139 

+  .092 

+  .091 

+  .102 

.1 

.004 

.114 

.loo 

+  .078 

+  .070 

+  .076 

.2 

-.005 

-.060 

-.040 

.193 

.203 

.197 

•< 

-.038 

-  .057 

-.048 

.101 

.153 

.112 

.3 

+  .005 

+  .040 

+  .052 

.236 

.245 

.234 

.3 

+  .042 

+  .028 

+  .020 

.199 

.195 

.168 

.4 

.1(11' 

.101 

.124 

.191 

.198 

.192 

.4 

.108 

.103 

.001' 

.100 

.167 

.137 

.5 

.189 

.152 

.154 

+  .088 

+  .087 

+  .094 

.5 

.142 

.144 

.120 

+  .069 

+  .076 

+  .OG1 

.6 

.164 

.158 

.138 

-.038 

-.046 

-.(•30 

.6 

.143 

.15:; 

.110 

-.046 

-.033 

-  .034 

.7 

.107 

.127 

.086 

.149 

.160 

.138 

7 

.105 

.121 

.081 

.133 

.110 

.113 

.8 

+  .032 

+  .057 

+  .019 

.207 

.212 

.109 

.8 

+  .035 

+  .051 

+  .018 

.180 

.173 

.161 

.9 

-.044 

-.027 

-.050 

.194 

.191 

.193 

.0 

-.035 

-  .024 

-.037 

.178 

.171 

.155 

189.3.0 

.096 

.097 

.096 

122 

.118 

.128 

1899.0 

.103 

.097 

.091 

.115 

.115 

.102 

.1 

.111 

.130 

.111 

-'017 

-.017 

-.026 

.1 

.136 

.I.",:; 

.111 

—  .022 

-.031' 

-.015 

2 

.094 

.124 

.093 

+  .087 

+  .084 

+  .078 

0 

.123, 

.126 

.loo 

+  .060 

+  .036 

+  .068 

.3 

.050 

.081 

.050 

.145 

.135 

.143 

.3 

.083 

.093 

.or.s 

.121 

.091 

.128 

.4 

-.004 

-.037 

-.007 

.163 

.154 

.109 

.4 

-.014 

-.024 

-.014 

.115 

.120 

.150 

.5 

+  .045 

+  .023 

+  .042 

.125 

.122 

.130 

.5 

+  .063 

+  .051 

+  .048 

.125 

.139 

.122 

.6 

.065 

.061 

.062 

+  .050 

+  .054 

+  .004 

.6 

.112 

.103. 

.083 

.072 

.063 

+  .056 

.7 

.065 

.080 

.000 

-.032 

-.027 

-.017 

7 

.132 

.125 

.007 

+  .010 

+  .011' 

-.021 

.8 

.060 

.080 

.062 

.000 

.085 

.0S4 

.8 

.  1 28 

.124 

.089 

-.040 

-.039 

.086 

.9 

.036 

.060 

.041 

.130 

.119 

.110 

.9 

.005 

.002 

.057 

.090 

.(ISO 

.  1 1'5 

1894.0 

+  .012 

.032 

+  .019 

.134 

.131 

.117 

1900.0 

+  .047 

+  .045 

+  .011 

.097 

.(ISO 

.120 

.1 

-.012 

+  .005 

-.005 

.097 

.100 

.075 

.1 

-.002 

-.003 

-.033 

.078 

.069 

.084 

2 

.1129 

-.021 

.022 

.048 

.000 

-.023 

2 

.051 

.053 

.073 

-.043 

-.030 

-.031 

.3 

.044 

.044 

.036 

-.004 

-.026 

+  .023 

.3 

.087 

.089 

.095 

+  .00:; 

+  .007 

+  .029 

.4 

.064 

.067 

.052 

+  .037 

+  .013 

.059 

.4 

096 

.101 

.089 

.052 

.049 

.070 

.0 

.(107 

.072 

.054 

.044 

.031 

.062 

.5 

.OS3 

.090 

.061 

.084 

.082 

.098 

.6 

.054 

.062 

.044 

.044 

.046 

.058 

.6 

-.038 

-.040 

-.008 

.085 

.0S9 

.OSS 

.7 

-.030 

-.034 

.028 

.027 

.036 

.036 

.7 

+  .012 

+  .005 

+  .041 

.067 

.070 

.051 

.8 

+  .005 

+  .003 

-  .004 

+  .007 

.020 

+  .014 

.8 

.057 

.054 

.070 

+  .028 

+  .030 

+  .004 

.9 

.055 

.054 

+  .032 

-.011 

+  .000 

-.oor, 

.0 

+  .087 

+  .091 

.097 

-.007 

-  .003 

-.037 

1895.0 

.(ISO 

.087 

.059 

.021 

-.000 

.018 

1  ool. 11 

_ 

_ 

.093 

_ 

.ool 

.1 

.100 

.097 

.078 

.010 

-.003 

.017 

.1 

_ 

_ 

.060 

.071' 

2 

.092 

.078 

.070 

.011 

.(Mill 

.017 

2 

_ 

_ 

+  .010 

.002 

.3 

+  .051 

+  .036 

.051 

.011 

-.004 

.020 

.3 

_ 

_ 

-.045 

.040 

.4 

-.003 

-.017 

+  .012 

.010 

.02:; 

.020 

.4 

_ 

_ 

.089 

—  .003 

.5 

.066 

.073 

-.041 

.015 

.020 

.031 

.5 

_ 

_ 

.111 

_ 

+  .023 

.6 

.111 

.110 

.085 

.011' 

.036 

.039 

.6 

_ 

_ 

.09S 

.043 

.7 

.123 

.119 

.106 

-.004 

-.011 

-.021 

.7 

_ 

_ 

-.058 

.053 

.8 

.102 

.093 

.099 

+  .026 

+  .029 

+  .000 

.8 

_ 

_ 

+  .007 

.052 

1895.9 

-.052 

-.047 

-.003 

+  .057 

+  .074 

+  .030 

.9 

- 

_ 

.066 

.043 

1902.0 

- 

- 

+  .108 

- 

- 

+  .020 

1  IS 
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1 1  imewhaf    better  approximation   mig 

constants  of  the  computed  coordina 
jivenonp.  L46,  but  it  is  hardlj  worth  while  until  one 
or  two  years  more  of  observation  have  been  secured.     If 
should  snbstanti  i  era!  aature  of  the  motion 

required    by  this   hypothesis,  the  elements  mav  then    be 
sent  ilif  length  of  the   period, 
lys,  is  the  n  ertain  factor,     ft  may  be  slightly 

.  saj  393  or  394  days.     Nbi  can  I  now  undertake  to 
examine  thi  i     the  relation   to  the  observed  con- 

stants deduced  from  the  best  series  of  observations  anterior 
to  Is'"'. 

li  the  conclusions  from  this  investigation  should  be  jus- 
tified by  future  observation,  we  may  sum  up  succinctly  the 
present  condition  of  the  numerical   theory  as  derived  from 
lows  :     The  relative  motion  of  the  earth's 
axes  of   figure  and    rotation   is   the   resultant    of  three  ele- 
ments; (1)  a  circular  motion  of  fourteen   months'   period 
with  variable  radius  and  angular  velocity;  (2)  an  elliptical 
:  of  thirteen  months'  period  and  of  moderate  eccen- 
:   (3)  an  elliptical  motion  of  twelve  months'  period, 
closely  approximating  a  harmonic  rectilinear  vibration. 

It.  is  noteworthy  that  there  is  a  curious  likeness  between 
these  result-  di  ob  ei  ration  and  the  theoretical 

conclusions  of  Prof.  R.  8.  Woodwabd's  remarkable  paper 
on  the  ••  Mechanical  Interpretation  of  the  Variations  of 
Latitudes"  in  A.J.  345.     Treating  the  earth  as  a  body  of 


ble  form,  or  subject  to  changes  in  the  relative  position 
of  some  portions  of  its  mass,  he  arrives  at  general  thi 'il- 
eal expressions  for  t  he  coordinates  of  t  he  pole,  embodied  in 
his  equations  (34  I.    To  quote  his  interpret  at  ion  of  them, — 

"Thus,  in  this  case,  which  appears  to  be  tlie  one  with  which 

.i   tronomj   o    in.'-;   concerned,  llio  inoti f  the  pole  of  rotation  is 

defined  as  the  resultant  of  three  distinct  types  of  motion,  namely  : 
First,  a  motion  in  a  circle  whose  center  is  the  pole  of  figure,  with 
sensibly  constant  angular  velocity  /.:  secondly,  the  sum  of  a  series  of 
elliptical  millions  dependent  on  the  angular  velocity' ft;  thirdly,  the 
sum  of  a  series  of  elliptical  motions  dependent  on  the  angular  veloc- 
ity >.  Although  these  series  of  elliptical  terms  are  infinite,  it  is 
practically  certain  that  a  small  number  of  terms  will  suffice  to  express 
the  observed  motions  of  the  pole  of  rotation." 

The  statement  herein  contained  regarding  the  constancy 
of  the  angular  velocity  of  the  circular  motion  is  subse- 
quently qualified  by  observing  that  there  are  causes  that 
might  produce  changes  in  both  the  velocity  and  the  ampli- 
tude of  this  term. 

The  coincidence  in  every  particular  of  the  above  con- 
clusions arrived  at  from  the  diverse  points  of  view  of 
theory  and  observation,  is  not  a  little  remarkable.  The 
theory  does  not  assign,  a  priori,  either  the  velocities  or  the 
amplitudes  of  the  terms  in  A,  /x,  vj  these  must  be  supplied 
by  observation. 

The  apparent  verification  of  Woodward's  theory  is  a 
hopeful  augury  of  progress.  Should  subsequent  observa- 
tion prove  it  to  be  real,  a  most  important  step  will  have 
been  gained  in  our  knowledge  of  this  perplexing  subject. 


OBSERVATION   OF   SUNSPOTS  AT   BOSTON   UNIVERSITY   OBSERVATORY, 

By  W.  J.  I'.ANXAN  and  W.  H.  STONE,  Students  in  Astbonomt. 


observations  made  during  the  college  year  1901  2 
when,  compared  with  those  of  the  previous  year  (see  A. J. 
506),  -■''  a  decline  in  solar  activity,  although  the  theo- 
retical time  of  minimum  was  passed  two  years  since.  A 
publication  of  the  detailed  observations,  as  in  former  years, 
1 1  ted. 

i-on  of  the  i  i  he  last  two 

-  years  shows  clearly  the  decline  in  activity.     For 


each  item  the  figures  are  for  the  two  years  in  chronological 
order. 

Number  of  different  spots,  138,  24.  Greatest  number  in 
any  one  group,  54,  7.  Per  cent,  of  days  when  nu  spots 
were  found  77.1'..  83.2. 

There  has  been  a  slight  increase  in  latitude,  but  scarcely 
in  indicate  compliance  with  Spoebj  e's  law  of  sun- 
spot  latitudes  when  a  minimum  has  been  passed. 
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ON  THE  FALLACY  OF  THE  METHOD  COMMONLY  EMPLOYED  IN  FINDING  THE 

PROBABLE  ERROR  OF  A  FUNCTION  OF  TWO  OR  MORE  QUANTITIES 

WHOSE  ADJUSTED  VALUES  HAVE  BEEN  DERIVED  FROM 

THE   SAME   LEAST-SQUARE   SOLUTION, 

By  HERBERT    L.  RICE. 


It  not  unfrequently  happens  that  an  investigator  has  de- 
termined by  the  method  of  least-squares  the  most  probable 
values  of  certain  quantities,  together  with  their  probable 
errors,  and  requires,  from  the  data  thus  furnished,  the 
probable  error  of  some  function  of  two  or  more  of  the 
quantities  in  question.  Thus,  suppose  that  x,  y  and  z  de- 
note the  final  values  which  result  from  a  solution  of 
three  (simultaneous)  normal  equations  in  those  quantities  ; 
Px  >  Py >  Pz )  their  weights  as  found  from  the  solution ;  and 
rx>  rsi  rzt  their  probable  errors.  Then,  if  u  =  f(x,  y) 
designate  some  function  of  x  and  y,  it  appears  to  be  the 
practice  among  astronomers  generally  to  compute  the 
probable  error  of  u  from  the  simple  formula 


(1) 


I       W 


+  r; 


The  value  of  r„  thus  found  is,  however,  quite  erroneous. 
Whence  the  object  of  this  paper  is  to  call  attention  to  the 
fallacy  involved,  and  to  develop  in  general  terms  the  proper 
formula  to  be  employed  in  such  cases. 

If  we  suppose  that  x  and  y  have  been  derived  separately 
from  two  distinct  and  independent  least-square  solutions, 
each  based  upon  its  own  set  of  observed  quantities,  then 
will  the  errors  i\  and  rs  be  entirely  independent  of  each 
other,  and  the  value  of  r„  given  by  (1)  is  clearly  correct 
under  these  conditions.  Such,  however,  are  not  the  con- 
ditions under  consideration.  In  the  case  first  supposed, 
x  and  y  are  inter-dependent,  and  not  independent  quanti- 
ties ;  for  it  is  clear  that  any  change  or  error  made  in  one 
of  the  observed  values  upon  which  the  solution  depends, 
will  alter  the  values  of  x,  y  and  z  by  amounts  which  must 
be  mutually  consistent. 


In  order  to  write  down  (for  the  present  without  proof) 
the  proper  formula  for  the  computation  of  ?•„,  some  con- 
sideration of  the  fundamental  data  is  necessary.  Let  the 
normal  equations  determining  x,  y,  z  be  — 


\aa\x  +  [ab~]y  +  [ac\z  =  [am]  =  2T, 
[ab]x  +  [bb}y  +  [Sc]a  =  [6m]  =  A~2 
[oc]  x  +  [be]  y  +  [m]  z  =   [em]   =  Kz 


(2) 


and  let  the  solution  of  these  in  general  terms  take  the  form 


a-   =   CjjZj  +  en  A'2  +  cl%Kz 

y  =  fji^'i  +  ^-fro  +  Cjs-S", 

Then  the  correct  value  of  r„  is  given  by  the  formula 


(3) 


ru 


is  the  probable  error  of  an  observation  of  weight 


where 
unity. 

The  coefficients  c  in  the  second  members  of  (3)  are  sym- 
metrical with  respect  to  the  principal  diagonal,  c,,  K  , 
Cj,  A'„ ,  '-33  K3 ;  hence  in  (4)  it  is  immaterial  whether  we 
write     cI2  or  cn. 

Since     cu  =  -,     c!8  =  — ,     rx  =  -^,    ry  =  -^L,      it 

follows  that  the  erroneous  formula  (1)  gives  identically 
the  same  result  as  (4)  when  the  third  term  under  the  radi- 
cal of  the  latter  is  omitted.  It  is  proper  to  add  that  in 
general  this  term  is  by  no  means  insignificant;  there  being 
no  more  reason  for  omitting  it  than  for  neglecting  either 
of  the  other  terms. 

(149) 


l.-.'l 
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I  em,  then,  is  fully  indicated  bj  the  Eoregoing 

statements.     1  maj  tate  th  i1  mj  oti  d  a1  ben 

tion  and  interest  were  directed  to  it  some  time  since  1>\ 
$or  W.  S.  Harshman,  I'.s.X..  now  Director  of  the 
al  Almanac.      About  1894    Prof.   Harshman   (then 
m    Epheme  bed    as  a    Doctor' 

of  thr  mint  ol'  Deimos.     Therein, 
ethod,  in'  assumed  circular  elements, 
ami  thence  formed  equations  of  condition  involving  six  un- 
knowns, or  corrections  to  the  assumed  elements.      These 
reduced  in  the  usual  manner  to  m\  normal  equations, 
les  of  the  six  unknou  as,  to 
r  with  their  probable  errors.     Four  of  these  quantities 
immediately  available  as  corrections  to  four  of  the 
elements,  ami  with  these  we  need  not  further  concern  our- 
The  remaining  pair  furnished  by  the  solul  ion  were, 
in  the  usual  notation,  the  quantities 

£  =  e  cos  <d  ,  r]  =  e  sin  <o 
e  e  ami  1,1  are  the  eccentricity  ami  the  angle  deter- 
mining the  position  of  the  line  of  apsides,  respectively. 
Having  found  j  and  77,  and  their  probable  errors,  the 
mii  which  naturally  presented  itself  to  Prof.  II  aksii- 
m  w  was  how  to  compute  inarigorous  manner  the  probable 
errors  of  the  functions 

e  =      e+v"1       ,      <■>  =  tan-1  (j 

An  investigation  of  the  problem  was  immediately  made 
by   the   gentleman   named,   which    resulted   in   a  rigorous 
formula  for  computing  r,  and  r   ;    tin'  solution  taking  sub- 
stantially the  form    indicated    in    (4).      As  already   stated, 
1Iu:-iima\    has   since   kindly  called   my  attention  to 
m   us  one   involving  considerable  interest,  both 
from  a  theoretical  and  a  practical  point  of  view.     Taking 
,atter  up,  I  obtained  independently  the  same  result  as 
did  Prof.  11  UtSHM  \n.      I  have  since  been  greatly  surprised 
at  finding  a  number  of  instances  wherein  astronomers  of 
much  prominence  have  fallen  into  the  error  of  proceeding 
in  accordance  with  formula  (1) ;  in  fact,  instances  of  tin 
use  of  a  correct  formula  are  quite  difficult  to  discover.     I 
fore  believe  that  a  rigorous  investigation  of  the  prob- 
lem in  general  terms  will  not  I it  of  place.     This  I  pro- 

fco  develop  along  substantially  the  same  lines  as  were 
followed  in  my  original  demonstration  of  the  problem. 
Let  there  be  given  //  equations  of  condition,  involving  /t 
vn  quantities  (>i>^i),  as  follows: 

(     -'  i  '-,  +     ':■'-:    f +   ■'-''..    =    •'/, 

1    .1,'r.  +  A'x.  + +  .•!>,   =  .1/., 

(  A  I  - +.1     a  )/ 

The  absol  ■    endenl 


quantities,  resulting  from  //  distinct  observations.     Let  the 
igned    to    these    observations   be   denoted   by 

wll  i<\, /'•„ .     re  pectivelj  -.   and   let   us    put,  for 

bre\  ity, 

1       -         "        •      i/,x/^  =  ".  (6) 

Accordingly,  if  each  of  the  equations  (5)  be  multiplied 
throughout  by  the  square  root  of  its  assigned  weight,  thus 
reducing  the  group  to  a  common  standard  of  weight,  we 
shall  have  the  following  set  of  uniform  equations,  in  which 
the  probable  error  of  each  absolute  term  is  equal  to  that  of 
an  observation  of  weight  unity  : 

aJsCj  +  a'txt  + +  a»a:„  =  /"1    \ 

",".'',    +     ";.'•._,    + +     "V„     =     "';        ' 

I 

"["'■'\^~ " '•"'■'' :~^~ +  a\?)x^  =  '»„    / 

The  normal  equations  are,  therefore, 

[ala1']xi  +  [_(il<t2].r„+  .    .    .  +[aial,']xIL=[a,lm]  =  K-i  \ 
[rc„a,]a",  +  ["„«.,]  x„+  .    .    .  +ra!a(.]a:(.=  [a2m]  =  Z!  f 

where 

[a,,^]  =  [«„«,]  =  a'jL'p  +  a"a|  +  .    .    .  +oiB,a^,)     ) 

[«,';,]  =  a'ra'r  +  a"a"  +  .    .    .  -\-<!\""n""  ( 

and  (10) 

A",,  =  [aj»i]  =a'im1+a]!ms  +  .    .  +aj',7w,+  .    .  +r/l,",wu 

Let  the  solution  of  the  equations  (8)  be  found  in  general 
terms,  as  follows  : 

x\  =  ci\K\  ~^~  ''12 A„  +   .    .    .    .   +cwK        \ 
.,-.,   =   Cj^  +  CaK2  +    ....    +C^K„        I 

.e,  =  ,',,/r,  +  c.tKt+  ....  +c,„/r„    /    ( n) 
'    =  c,i^i+  cMSKt+  .  .  .  . +c_/r_    / 

Baving  expressed  the  solution  of  our  normal  equations 
in  this  general  form,  we  have  only  to  substitute  from  (8) 

the  numerical  values  of     A\,  A',, A".,     in  order 

to  obtain  the  required  values  of  the  fi  unknowns.     More- 
over, it  is  well  known  that  the  weights   (/'!•/'; ,/>„) 

of     .;,,  a\j ',.     are  the  reciprocals   of   the   coef- 
ficients    cn,  ca c    ,     respectively  ;    so  that  we 

have,  generally . 

p:  =  weight  of     J',  =  —  (12) 

Now  let 

u  =  F(.r.  ,.'•..' 1    .  a  '1  (13) 
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denote  a  function  of  any  or  all  of  the  variables     xi ,  .<„ . 
.    .    .    .  ,  j..     Thus  the  subscripts     «,  /3,  y,  .    .    .    .  ,  rj,  0 

may  designate  any  series  of  positive  integral  numbers  — 
ranged  in  order  of  magnitude  —  within  the  limits  1  and  /n. 
Upon  substituting  in  the  second   member  of  (13)  the 
numerical  values   of      xa,  xg,    .    .    .    .  .  .'•„,      found  from 

(11),  we  have  at  once  the  most  probable  value  of  the 
function  u.  The  problem  now  before  us,  therefore,  is  to 
find  an  expression  for  ?•„>  the  probable  error  of  a. 

By  (10)  and  (11),  or  by  (8)  alone,  it  is  evident  that  u  is 
ultimately  a  function  of  the  n  independent  quantities, 
my,  di„,    .    .    .    .  ,  )»„•     Hence  we  have  ' 


lU»i 


du' 


•  + 


,)ni 


that  is 
(14) 


e„  being  the  mean  error  of  u,  and  c0  that  of  an  observation 
of  weight  unity.  We  shall  considerably'  shorten  our  sub- 
sequent operations  by  adopting  the  following  abridged 
notation.     Let  us  put 


W(a)\*=cf(a)  +  q(l3)  + 


+  cp(V)  +  <,(6) 


and 


{¥(«, /?)}**  E*(«,  /?)  +  *(«,  y)+  .    .    .    •+*(>?»  6) 

The  following  are  simple  applications  by  way  of  illus- 
tration : 


x*  =  .?•„  +  xg  +  xr  +  . 
(x*y=  \xl\*+  \2x.x„\* 


+  X,    +  X, 


We  now  proceed  to  develop  the  right-hand  member  of 
(14).     We  have 


du 


du 


dx.  du 

<)m,         dx.  '  dmt  dx„ 
.      du       dxr 
dx,       dm 


+  • 


du       dx,     _    i  du       dx. 
dx,  '    dm,    _    I  dx~,   '  dm, 


and  therefore 

du 

<>m, 


dm 

+  •! 


du    /dx. 


dx, 


Whence,  by  summation, 

2i\dmJ         )  [dxj     -  2L\dmi 

i 

(15)  +  ' 


2  Dl- 


ZA''"', 


dx, 
dm 


dx 


The  function  u  is  general ;  let  us  assume,  in  particular, 
that     u  =  r,;     then  (14)  becomes 


£„  being  the  mean  error  of  .r, .     But  since 

c  =  £ 
p. 

it  follows  from  (12)  that 

and  hence  (16)  becomes 
'dx. 


(16) 


Zj  \dm, 


(17) 


Upon  substituting  this  expression  in  (15),  and  combining 
the  result  with  (14),  we  obtain 

(18) 


dxj    S  (     &x°     <*xf>  '  ^  \i,mi   '  2>'"i 

i 

It  now  remains  to  develop  the  terms  of  which 


_  \dm( '  dm 


is  the  type.  For  this  purpose,  let  us  denote  by  A  the  de- 
terminant whose  elements  are  the  coefficients  of  x, .  -  . 
.    .    .    .  ,  x      in  (8)  ;  that  is,  let  us  put 

(19) 


a„a2], 


and  let  the  quantities 

Au    Aa      .    . 

.L,     Aw      .    . 


[»,.".,]   , [«,«,] 


A. 

-L. 


A. 

A^ 


(20) 


^„i     -4, 


.      A.. 


designate  the  co-factors  of  the  corresponding  elements  in  A. 
Expressing  the  value  of  x.  from  (8)  in  determinant  form, 

we  have 

_  A, 

''  '  ~~  A~ 

where  A„  is  formed  directly  from  A  by  replacing  the 
column  [«,»„],  02aa],  .  .  .  .  ,  ["„".]  by  a  new  column 
whose  elements  are     A",,  Ks,    .    .    .    .  ,  2T„.      Developing 
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A,  Hi  terms  of  the  elements  and  corresponding  co-factors 
of  this  particular  column,  we  obtain 

A..-,  =  A..K.+  J,.h',  +  A,,K,+  ....  +A_,  l\\ 
Comparing  this  expression  with  (11),  we  have,  generally, 

.1 

"f 
Differentiating  (21)  with  respecl  to  mn  observing  thai 
I  the  co-factors  .1  do  nol   involve  the  quantities  to, 
we  ha 


A     '         -      l/^.l,^- 
1     ,)m: 


i  >  tn 


+  A 


din. 


LO 


dm 


+  <,•■'{ 


and  hence  the  preceding  equation  becomes 
(23) 
A— =  oj    du  +  aPA»  +  .    .+a]PA0.+ 

By  interchanging  «  and  /?,  we  have 
(24) 

a  '""  =  ^,".!].+  «:.,l.L+   .    .  +a^AaP  + 

Multiplying  (23)  and  (24)  together,  member  for  member, 
we  obtain 

^■'^Ll  .  '!'''  =  .-!,„■  ■'„;  i  Au+alt>ail>Au+  .    .  +a>j'»y.l  ,) 

(Jin        9m,  x 

+  .!.,.  i a[  "._. '  -l1,  +  "._,"".y'.l„,+  .    .  +<' ,"i''-L..) 


+  -/■".  I 


+  A„e(a[<)a?Ala+a«W,!>A2„+  .    .  +a<Pa?Ah.) 


+ 


+  A      i      a      i,.  +  »:r<,"\Ll+  .    .  +  afa     I  ,) 

Upon  giving  to  the  character  i  in  this  relation  the  suc- 
cessive values,  1,  2,  3,  .  .  .  .  ,  ii,  we  obtain  n  such 
equations;  and  the  sum  of  these,  by  virtue  of  (9),  ma}7  be 
written  as  follows  : 

dx.       '>.' 


^       ,hll  r) 'ill  J 


-'1.-<r"1«,]-'i.+["2",]-'2.+  •  •  +[*xm~) 

+Ai0(lalat]Al.+[atas-]At.+  .    .  +[a„<i,]  ,1,.) 

+ 

+  A.  •   a  a      I,    »["»".]•/,..+  •    •  +[«„».]- U) 
+ 

i  ]A^+   .    .  +[8A]-i„) 

Among  the  elementary  theorems  of  determinants  is  the 
following  : 

If  the  elements  of  any  column  be  multiplied  in  order  by 
the  co-factors  of  the  corresponding  elements  of  any  other 
column,  the  sum  of  the  products  thus  formed  will  be  -.<  ro. 


To  apply  this  theorem,  we  observe  that  the  /*.  expres- 
sions, or  series,  contained  within  parentheses  in  the  second 
member  of  (25),  are  simply  the  ll  results  derived  by  sum- 
ming tlie  products  formed  by  multiplying  the  quantities  in 

column  a  of  (20)  (i.e.,  the  co-factors     Au,  A t„.) 

by  the  corresponding  elements  of  columns  1,2,  .  .  .  , 
a,  .  .  .  ,  ix,  respectively,  in  (19).  Hence,  by  the 
theorem,  each  of  the  //.  parentheses  in  (25)  is  equal  to  zero, 
excepl  the  one  whose  coefficient  is  A.„\  and  this  paren- 
thesis is  merely  an  expansion  of  A.  Thus  the  right-hand 
member  of  (25)  reduces  to  the  simple  term  A.-l„s,  and  the 
equation  becomes,'  therefore, 


dm  '  ,)iu 


(26) 


Since  the  first  member  of  this  equation  remains  unaltered 
in  value  when  a  and  /3  are  interchanged,  it  follows  that 
the  second  member  is  also  unaffected  by  such  interchange ; 
thus  we  have 

A.„  =  A„  (27) 

and  therefore,  by  (22), 


Ae 


As 

A 


(28) 


Hence  the  co-factors  A  in  (20),  and  likewise  the  coef- 
ficients c  in  (11),  are  symmetrical  with  respect  to  their 
principal  diagonals,  An,  A„„,  .  .  ,  Au„ ,  and cn ,  c„„ ,  .  .  ,cM/1, 
respectively.  These  relations  result  directly  from  the  fact 
that  a  like  symmetry  exists  among  the  coefficients  of  the 
normal  equations  (8). 

From  (20)  and  (28)  we  have 


<>■•■, 


and  hence  (18)  becomes  Q) 


+ 


du 

dx. 


;F 


(29) 


(30) 


Since  ?•„  :  r0  =  t„  :  c0,  the  relation  (30)  at  once  fur- 
nishes the  required  value  of  ?•„ .  In  order  to  express  the 
solution  more  completely,  however,  let  us  put 

[yv]  =  the  sum  of  the  squares  of  the  residuals  derived 
from  (7) ;  we  then  have,  finally, 

(q  In  deriving  the  relation  (17),  in  the  earlier  portion  of  this  dis- 
cussion, "  e  naturally  assumed  the  validity  of  the  well  known  formula 
(12).  A  casual  review  of  the  steps  in  the  development  of  (2!))  will 
clearly  show,  however,  that  we  are  justified  in  writing  a  for  (i  in 
the  latter  expression.  Doing  this,  we  have  (17)  at  once  ;  and  thus 
the  truth  of  the  relation  (12)  is  independently  demonstrated. 
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(31) 


r0  =  0.6745  <:„  =  0.6745 
and 


J 


[>] 


=g^ 


+ 


I  ''      dx~'dx~e$ 


If,  above  the  terms  comprising  the  second  members  of 

(11),  we  write  xl  over  cnKls  xs  over  i\.,K„ ,  and 

x„  over  cu  KM  ,  then  the  coefficients  e  to  be  employed  in 
(31)  may  be  readily  selected  by  observing  the  following 
precepts  : 


is  found  at  the  in- 


The  coefficient  c, 

„  of  the  term  ( i 

tersection  of  row  x, 

and  column  x^. 

The  coefficient  c. 

.          du        dli 

a  of     2 .   

dx„      dxB 

is  found  at  the  in- 


tersection  of  i     ™w     I   a;,  and  j  column  | 
( column  )  (     row     ) 

If  we  neglect  the  second  set  of  terms  under  the  radical 
in  (31),  the  value  of  r„  thus  obtained  is  readily  seen  to  be 
precisely  that  which  results  from  the  arbitrary  and  erro- 
neous assumption  that  xa,  xB,  ■  .  .  .  ,  x,  may  be  treated 
as  independent  quantities.  For  upon  making  this  assump- 
tion, we  have  directly,  from  (13), 


**S 


Whence 


{ 


a  comparison  of  which  with  (30)  proves  the  above  state- 
ment. 

To  illustrate  the  foregoing  principles,  I  have  selected  an 
example  from  Prof.  Hall's  investigation  of  the  orbit  of 
the  satellite  of  Neptune,  published  as  Appendix  II  of  the 
Washington  Observations  for  1881.  For  brevity  of  refer- 
ence, I  shall  designate  any  page  of  this  appendix  simply 
"  Hall,  page  — ." 

The  observations  are  divided  into  five  distinct  groups, 
each  receiving  a  separate  discussion.  The  example  selected 
is  taken  from  the  solution  of  third  group,  viz.,  that  of 
1883-1884. 

The  observation  equations  involve  the  six  unknowns, 
AN,  AJ,  An,  $,  ,,  and  Aa  (Hall,  page  13) ;  where  £  =  ae 
cos  a),  and  ,  =  ae  sin  <d.  From  the  fifty-three  equations 
of  condition  comprising  the  group  in  question  (Hall, 
pages  17-18),  the  following  normal  equations  are  derived 
(Hall,  page  22)  : 


1883-84. 

+  11.0092  AN   -  0.7S76AJ  -  5.2266  Aw   -   5.22011  -   2.6067,  -  5.7328  Aa   =  +  1.6759  =  A", 

-  0.7876  AN   + 12.6805  AJ  -   5.1747  Aa   -   2.9053 £  +   2.9935,  -  3.1076  Aa  =  -  9.6847  =  A"„ 

-  5.2266AN   -  5.1747 AJ  +15.4787 Aa   +   9.6153  f   +   5.6117,  +  2.2564Aa   =  +11.9035  =  Ks 

-  5.2201  AN   -   2.9053 AJ  +   9.6153Aw   +43.9472£   +32.1071,  -  8.2074 Aa   =  +  3.3609  =  A"4 

-  2.6067  AN   +   2.9935AJ  +   5.6117AM   +  32.107U   +60.2877,  -  7.5748Aa   =  +  2.5668  =  7v5 

-  5.7328AN   -  3.1076 AJ  +   2.2564AM   -   8.2074|  -   7.5748,  +42.3308 Aa  =  +  0.9216  =  A', 


(32) 


The  solution  of  these  equations  in  general  terms  gives  the  following  values  of  £,  ,  and  Aa,  the  numbers  within 
brackets  being  logarithms: 


(I)  (II)  (III)  (IV)  (V)  (VI) 

...  ...  ...  (0  (,;)  (Aa) 

(IV)  £=  -r- [8.22850]  A\  + [8.16179]  A'„  -  [8.05456]  A'3  + [8.66538]  A4- [8.35141]  A'r>  + [7.95016]  A'6  =  -0.1  L106 
(V)  ,=  -[7.84010]7v'1-[S.15030]/C-[7.55019]  A3-[8.3514lJA'4  +  [8.46487]  A^-[6.96440]A6  =  +0.08157 
(VI)Aa  =  +[8.30696]  K,+  [8.04197]  A'2  + [7.05802]  A,+ [7.95016]  7v'4-[6.96440]  A\,+  [8.45759]  Ke  =  -0.00506 


(33) 


The  assumed  value  of  the  mean  distance  being 
a0  =  16".275 
Hall,  page  11),  we  find,  therefore, 

/  a  =  an  +  Aa     =     16".270 


(34) 


=  tan-1    -'     =  150°.0 


e  =  ^f+T'2      =  0.010015 


These  results  agree  substantially  with  those  given  by 
Prof.  Hall.  The  latter,  however,  in  computing  e,  takes 
a  =  16".275  (=  «0)  instead  of  16".270,  and  hence  gets  a 
value  of  e  which  differs  slightly  from  that  recorded  above 
(see  Hall,  page  24). 

Let  the  coefficients  of  7v", ,  I\„,  .  .  .  .  ,  A'c  in  (33)  be 
designated  in  accordance  with  the  notation  adopted  in  the 
general  expressions  (11).  Thus,  if  in  the  latter  we  suppose 
n  =  6,  and  take  xt,  xif  xe  to  represent  the  quantities 
£,  ,  and  Aa,  we  have  from  (33)  — 
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(35) 


,  -  66538 

-  8.46487 

i  8  15759 


8.35141, 
7.95016 
6.96440r 


\  l,  fu  =  6  and  [  <w  j  =  2.8777  i  II  u  i . 

23),  we  and  by  (31)  — 

(36)  Log  r0  =  9.22245 

Eaving  tabulated  the  foregoing  data,  we  proceed  to 
determine  >•„,  the  probable  error  of  w.  From  (34)  we 
derive 


9oi  t) 

P  +  r,1 
\\  hence,  by  '.".1  i,  we  havi 


=  + 


V 


-=£\|= 


r  t-  , 


tlic  numerical  factor  Vicing  introduced   in  order  that  /•„.  may 
ressed  in  degrees  of  arc.     Employing  the  numerical 
data  given  in  (33)  —  (36),  and  evaluating  the  second  mem- 
ber of  (37  >.  we  find 

r.  =  ±6°.94 

Omitting  the  third  term  under  the  radical  in  (37),  we 
find  r  —  ±  In.;;;,  which  agrees  with  the  (erroneous)  value 
computed  by   Prof.  Hall  (see  Hall,  page  24). 

Let  us  now  find  the  probable  error  of  the  eccentricity. 
I  i  we  observe  that  e  is  a  function  of  the  three  quali- 
ties. ;.  q  and  a  ;  hence  we  require  the  derivatives 

£  Be         -q  Be  e 

d$         a?e     '      dt]         a'2e     '      c)a  a 


The  expression  for  r,  is,  then  fori  . 


(38) 


cu?+caV*+cma*e*+2cii£rl-2cai  -        2c„vae* 


from  which  we  find 

r,  =  ±0.002546 

l'.\  omitting  the  three  terms  containing  the  factor  2,  we 
get  r,  —  ±n.(i(ii' 102.  which  is  substantially  the  result 
found  by  Prof.  Hall  (Hall,  page  24).  It  is  therefore 
plain  that  the  latter  has  computed  >•„,  and  ?•,  upon  the 
erroneous  assumption  that  £,  17  and  a  are  strictly  indepen- 
dent quantities. 

I  have  already  stated  that  instances  of  error  of  this  kind 
are  far  from  uncommon.  A  number  of  such  have  recently 
come  to  my  notice,  conspicuous  among  which  are  the  fol- 
lowing : 

The  probable  errors  of  ■*■  and  e  given  by  Prof.  S.  J.  Brown 
in  A.J.,  No.  467  (middle  of  page  83)  are  erroneous.  The 
results  were  evidently  computed  in  the  same  manner  as 
those  found  by  Prof.  Hall. 

The  same  criticism  applies  to  the  probable  errors  of  Q 
and  e  given  by  H.  Struve  at  the  foot  of  page  43  of  his 
"  Beobachtungen  des  Ifeptunstrabanten  m>i  ZQ-zolligen  1'ul- 
kowaer  Refractor"  {Mi:m.  th>  I' Acad,  de  St.-Petersbourg, 
VIP  Serie,  Tome  XLII,  No.  4). 

The  four  formulas  for  probable  error  given  by  Prof.  S.  C. 
Chandler  in  A.J.,  No.  315  (foot  of  page  19)  are  likewise 
erroneous  through  the  omission  of  necessary  terms.  More- 
over, it  will  be  observed  that  the  last  two  of  these  formulas 
are  otherwise  incorrect ;  in  the  expression  for  the  probable 
error  of  2\,  the  quantities  t\  and  t\  are  interchanged ;  in 
that,  for  G,  the  quantities  ej!  and  c;  should  be  transposed. 


ON    THE    POSSIBLE    EXISTENCE    OF    STILL    ANOTHER 

POLAR    MOTION, 

11  v     S.     C.     CHANDLER. 


TERM    OF    THE 


■  I       •..    .    :  on  afforded   i"   the  investigation  in  _4.iT".  522 
was  passed  in  silence  because  it  was  desirable  to  separate 
what  was  fairly  demonstrated  by  that  scrutiny,  as  it  seemed 
a   what  was   problematical.      But,  since  it  will 
not  esi  on   of   any   cue    who    undertakes    to 

examine  the  subject  critically  that  there  still  remain  out- 
standing residuals,  of  small  amount  to  be  sure,  but  of  a 
peculiarly  marked  character,  between  the  observed  and 
computi  e  table  on  p   117,  there  seems 

indication  of  a 
minute  motion  of  fifteen-months'  period.      I  cannot  commit 
!  to  the  assertion  of  il     existei  ce,  for  two  reasons. 
First,  it  is  not  certain  thai    these  small  I  c  differ- 

.  1,  t  mi  nt  (,r  the  co- 

hough    I   confess  [do  not 
see  how   this  can  be  done,     s mil;.,   the  differences  in 


question  are  of  an  order  too  small  for  us  at  present  to  spec- 
ulate much  about,  their  range  being  only  about  0".05;  the 
coordinates  being 

x  =  (1025  sin  (£-241  1700)  0.789 
y  =  0.025  cos  (t-  241 1700)  0.789 
Nevertheless  these  departures  so  persistently  and  har- 
moniously pervade  the  whole  series  that  I  think  they 
should  not  be  lost  sight  of,  although  they  may  be  merely 
nominal  results  of  computation  or  a  deceptive  concurrence 
of  constant  errors  in  the  observations,  but  that  their  reality 
should  be  rigorously  tested  by  future  observation.  In 
dealing  with  a  phenomenon  so  obviously  complex  as  these 
motions  of  the  earth's  axis  arc,  and  until  we  are  certain  of 
the  superior  limit  of  precision  in  astronomical  measure- 
ment, it  would  be  unphilosophical  to  ignore  without  exam 
inatioii  such  indications  as  these. 


N°  523 


THE     ASTRONOMICAL     JOUKXA1, 


1  55 


MAXIMUM  OF  2815  U  GEMINORUM, 

By  J.  A.  PARKHTJRST. 


The  following  observations  of  the  last  maximum  were 
made  -with  the  12  and  40-inch  refractors  of  the  Yerkes 
Observatory.  With  the  two  exceptions  noted,  they  were 
made  with  the  wedge  photometer  described  in  the  Astro- 
physical  Journal,  XIII.  249,  by  the  method  of  equalizing 
with  an  artificial  star. 


(ir.  11.  T. 

A]i<t!  are 

902  April    3  15.8 

13.7 

12 

visual 

4  16.3 

13.38 

40 

12  16.9 

13.14 

4H 

13  14.4 

10.45 

12 

14  13.9 

9.76 

12 

19  14.9 

11.67 

12 

23  14.:' 

12.9 

12 

visual 

May      2  14.8 

L3.26 

40 

8   14.5 

13.24 

40 

The  magnitudes  of  the  comparison-stars  were  determined 
with  the  same  photometer,  using  as  standards  the  three 
stars  of  the  Potsdam  Photometric  Durchmusterung. 


DM. 

Mag. 

A 

+  2P1714 

7.02 

I) 

+  21°1724 

7.56 

B 

+  22°1803 

7.30 

Following  is  the  list  of  magnitudes  adopted,  the  notation 
being  that  used  by  Knott  and  Baxendell,  with  the  ad- 
dition of  the  two  fainter  stars,  n  and  V : 


a 

8.84 

/.- 

12.42 

b 

9.34 

1 

12.94 

f 

11.13 

n 

13.83 

'i 

11.46 

V 

14.33 

h 

11.61 

1+  V 

12.75 

The  star  V  is  about  10"  north  following  /,  and  the  two 
seem  to  have  been  glimpsed  as  one  star  by  various  ob- 
servers with  apertures  of  6  and  7  inches. 

The  coordinates  from  the  variable  of  the  three  nearest 
stars  were  measured  with  the  micrometer  on  the  40-inch  as 
follows : 

K.A.  Decl. 


1     -0.9 

+  1   44 

n      + 1 .8 

-0  50 

k     +6.1 

-2     5 

Yerkes  Observatory,  1902  June  9. 


OBSERVATIONS   OF    VARIABLE    STARS   OF   SHORT   PERIOD,    1000-1902, 

By  PAUL  S.  YENDELL. 


2279   T  Monocerotis. 

Eleven  observations  of  this  star  in  1900,  and  forty-six 
from  1901  Dec.  1  to  1902  April  24,  indicate  four  maxima 
and  five  minima,  as  follows,  all  deduced  from  the  single 


curves. 

Maxima 

Wt. 

Minima 

Wt 

1901  Dec.  21.3 

4 

1900  Mar.  29.5 

3 

1902  .Ian.   17.:! 

5 

1901  Dec.  12.0 

4 

Feb.  13.3 

4 

1902  Jan.  31.5 

4 

Mar.  10.5 

3 

Mar.     3.4 

3 

.Mar.  29.4 

3 

2335    W  Geminorum. 

I  have  fifty-one  observations  of  W  Geminorum  from  1901 
Nov.  20  to  1902  April  28.  From  these  five  maxima  and 
one  minimum  are  deduced  by  the  single  curves,  as  follows  : 


Maxima 

Wt. 

Minimum 

Wt 

1901  Dec.   18.4 

3 

1902  Jan.  1  1.1 

4 

1902  Jan.     9.8 

4 

Jan.   25.4 

3 

Feb.    11.5 

4 

Mar.  30.1 

o 

2509  £  Geminorum. 

Thirty-two  observations  of  £  Geminorum,  from  1901  Dec. 
27  to  1902  May  2,  indicate  four  maxima  and  three  minima, 
as  follows  : 


Maxima 

Wt. 

Minima 

Wt 

1902  Jan     7.1 

4 

1902  Jan.    1.3 

o 

Jan.  10.4 

3 

Jan.  12.0 

3 

Jan.  27.5 

3 

Jan.  20.5 

3 

Feb.    6.7 

o 

2676    U  Monocerotis. 

Twenty  observations,  1902  Jan.  13  to  April  4,  show  a 
minimum  of  7s'. 1  on  Jan.  30,  and  a  maximum  of  6M.2  on 
Feb.  12.  After  the  end  of  February  the  observations  wen- 
very  scattered,  and  not  sufficient  to  indicate  any  phases. 


Dorchester,  1902  May  17. 
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CONCERNING    THE    MAGNITUDE    EQUATION  FOR  THE  CAMBRIDGE    ZONKS. 

(See  A.J.,  Nos.  517,  519,  521), 

i;\    II.   II.  TURNER. 

Profe  sor  Boa    and    1   seem  to  have  been  at  cross  pur- 
inal  paper  i  )/.  .v..  l.\.  p.  3)  1  neglected 


■■  ith  a  small  exception  which 

t   in.    misunderstanding.     Professor 

Boss  '         ■'  '.  owing  to  mj  careless  wording,  that    I   had 

applied  l'.M.'s.  and  pointed  oul   that  in  that  case  certain 

mafic  corrections   were    necessary,   arising   from  the 

way  in  which  the  adopted    l'.M.'s  had  been  deduced.     To 

VI.'s  from  meridian  observations  at  different  epochs, 

we  must    use    precession;    and    if   we   use   a   wrong   pre- 

on  we  get  wrong  l'.M.'s;  and  any  work  in  which  these 

are  used  must  he  corrected  accordingly.     This  we  are  quite 

.    about.      Hut,    as    already     stated.     l'.M.'s    were    not 

applied  ;  and  thus  the  results  given  in  M.N.,  LX,  p.  3,  do 

not    require   corrections   of   the   kind   indicated.     I   think 

ows  this,  with  a  possible  small  exception 

to  which  I  will  recur. 

Unfortunately  I  did  not  read  Professor  Ross's  paper 
1.171517)  in  this  sense.  I  thought  he  was  applying 
corrections  arising  out  of  precession  itself,  and  was 
bewildered  accordingly.  Reading  his  paper  again  now  in 
the  light  of  his  explanation  I  can  see  how  I  went  astray;  I 
ought  to  have  allowed  the  second  paragraph  of  his  paper 
to  color  the  whole ;  it  should  especially  govern  the  fourth 
paragraph,  whereas  I  read  the  latter  independently.  In 
palliation  I  may  perhaps  add  that  others  read  it  in  the 
same  way. 

Returning  now  to  the  small  point  on  which  we  appar- 
ently still  differ,  perhaps  the  shortest  cut  to  an  agreement 
would  be  to  exclude  the  first  three  groups  of  stars  alto- 
I  corrected  them  for  proper  motion,  not  because 
they  were  bright,  but  because  they  were  few,  and  uncor- 
rected results  were  hopelessly  wild.  Hence  the  following 
paragraph  in  Professor  Boss's  last  paper  is  rather  mis- 
leading : 

"But  Professor  Turner  seems  to  have  decided  that  the 

ions  of  the  brighter  stars  have  been   so  influenced  by 

proper  motion  in  the  interval,  1880-1895,  that  our  Oxford 

picture  no  longer  represents  for   these  stars  the  state  of 


the  sky  in  1880.  He  therefore  corrects  the  stats  of  his 
first  three  groups  (first  to  fifth  magnitude)  for  the  effect  oi 
proper  motion." 

This  does  not  properly  represent  my  reason,  which  is 
given  better  in  my  original  paper  (M.N.,  LX,  p.  4j  in  words 
already  ([noted  once  i.l../..  No.  519,  p.  121)  ;  to  which  I 
will  now  add,  in  italics,  a  little  fuller  explanation  : 

"For  the  first  three  groups  the  number  of  stars  is  so 
small  that  the  results  must  not  be  treated  too  seriously. 
Proper  motions  have  been  applied  to  these  three  groups 
(taken  from  the  Greenwich  Catalogue  1880.0)  for  the  inter- 
val between  the  Cambridge  and  Oxford  observations,  because 
owing  to  the  small  number  of  stars  in  each  group  the  results 
would  not  otherwise  have  been  even  approximately  in  accord- 
ance with  those  from  the  other  groups.  In  the  other  groups 
P.M.  has  been  treated  as  accidental  error." 

To  make  the  point  clear  let  me  give  in  illustration  the 
individual  results  for  the  first  group.  The  mean  of  the 
results  uncorrected  for  P.M.  is  clearly  meaningless;  but 
when  P.M.  is  applied,  the  mean  is  sufficiently  like  that  for 
other  groups  to  set  down  for  comparison  with  them,  but 
"  not  to  be  taken  too  seriously."     Here  they  are  : 


Oxford 

-Camb. 

Oxford 

Adopted 

Corr.  for 

Star's  Xame 

Epoch 

P.M. 

TJncorr. 

P.M. 

«  Aialrom. 

1895.0 

+  0.0095 

+  0.24 

+  0.05 

(ZTauri 

1896.6 

+  0.0013 

+  0.19 

+  0.10 

Pollux 

1895.1 

-0.0481 

-0.75 

+0.18 

a  Caroline 

1895.4 

+  0.0085 

+  0.25 

+  0.08 

Mean 


-0.018       +0.1  IS 


But  it  seems  to  me  waste  time  to  further  correct  the 
+  0\118  for  minute  systematic  errors  when  the  results  are 
as  yet  only  a  first  approximation.  The  constants  with 
which  the  plates  have  been  reduced  will  probably  be  much 
improved  on  revision ;  and  then  we  can  consider  minutiae, 
which  will  affect  individual  places.  On  the  other  hand 
results  depending  on  the  mean  of  a  number  of  stars  will 
not  be  much  altered ;  and  1  quite  expect  to  find  that  the 
Cambridge  magnitude  equation,  for  magnitudes  fainter 
than  5.0,  is  sensibly  that  indicated  in  Mon.  Not.,  LX,  p.  3. 
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THE   MASS   OF   THE 

By  A. 

The  determination  of  this  mass  by  Bessel  in  1831  is  one 
of  the  results  drawn  from  his  investigation  of  the  orbit  of 
Titan,  the  bright  satellite  discovered  by  Htygexs  in  L655. 
This  value  of  the  mass  is  too  great,  as  Bessel  himself  points 
out,  since  the  actions  of  the  other  satellites,  and  the  figure 
of  the  planet  are  neglected;  bul  Bessel" considers  his  re- 
sult as  giving  an  approximate  value  of  the  mass.  The 
recent  investigations  of  the  theory  of  the  Ring,  and  of  its 
stability,  have  led  to  the  idea  that  the  mass  of  the  Ring 
must  be  very  small.  Maxwell's  theory  is  that  the  Ring  is 
composed  of  a  great  number  of  very  small,  discrete  bodies, 
moving  independently  around  Saturn  in  circular  orbits. 
This  is  a  return  to  the  old  notion  of  Cassini,  but  Maxwell 
was  led  to  it  by  theory.  If  p  denote  the  number  of  bodies 
in  the  Ring,  Maxwell  finds  the  condition, 

Mass  of  Riii-  <  - 

Thus  if    p  =  1000(1, 

Mass  of  Ring  <  . ' 

the    mass    of    Saturn    being  taken   for   tin-   unit  of   mass. 
Bessel's  value  is 

Mass  of  Ring  =   ,  ]  „ 

These  are  the  extreme  values. 

Although  Maxwell's  theory  is  obscure  in  some  places 
his  results  agree  with  observations.  Thus,  when  Saturn  is 
seen  through  the  thin  part  of  the  Ring  there  is  no  refrac- 
tion of  light,  indicating  that  the  particles  are  discrete. 
From  a  discussion  of  the  variations  of  light  of  the  Ring 
Professor  Seeeigkk  comes  to  conclusions  which  support 
Maxwell's  theory. 

From  a  discussion  of  the  observations  of  Titan,  B)  -->  i. 
found  the  motion  of  the  line  apsides  in  a  Julian  year  to  be 

+  1741".7 

This  result  has  been  confirmed  by  recent  observations,  and 

the  numerical  value  has  been  a  little  increased,  to  about 


KINGS   OF    SAT  HEX, 

HALL. 

+  T793".0 

This  is  a  fact  to  be  accounted  for  by  theoiy.  The  orbits 
of  the  seven  other  satellites  are  not  so  well  known  as  that 
of  Tit  a  a. 

In  order  to  compute  the  part  of  this  motion  produced  by 
the  figure  of  the  planet  we  are  obliged  to  make  an  assump- 
tion on  the  density  of  the  matter  forming  the  equatorial 
protuberance.  Saturn  is  a  planet  of  70,000  miles  diameter; 
its  mean  density  is  only  three-fourths  that  of  water,  and  it 
revolves  on  its  axis  in  10^  hours.  Hence  the  matter  of  the 
equatorial  protuberance  may  be  of  very  small  density. 
The  potential  of  the  ellipsoid,  with  respect  to  a  satellite, 
may  be  written,  with  sufficient  approximation. 


1     (h      r,     1      5. 


where  a  is  the  semi-major  axis  of  the  satellite's  orbit,  e  its 
eccentricity-,  and  /,'.  /,  ///,  ....  are  constants  depending  on 
the  constitution  of  the  ellipsoid,  and  must  be  found  from 
observations.  This  series  converges  so  rapidly  that  we 
need  only  the  first  two  terms.  Taking  the  derivative  of  /' 
with  respect  to  e,  and  calling  n  the  mean  motion  of  the 
satellite,  we  have  for  the  secular  motion  of  the  peri- 
saturnium, 


k       5    I 


"We  may  change  to  the  equatorial  radius  of  the  planet, 
and  if  we  call  this  radius  a,  and  take  a  =  8".75,  we  have 
for  the  case  of  Titan, 


^  =  (4.86260)  .  -3  +  (2.65158) 


/ 


(1) 


These  logarithmic  coefficients  are  for  seconds  of  arc. 

Bessel  has  given  an  elegant  formula  for  the  attract  inn 
of  a  plane  circular  Ring  on  a  point  in  its  own  plane  (Astr. 
Nachr.,  Bd.  9).     In  the  case  of  Titan  he  finds 

(157) 
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.-  365.25 


7  is  the  period  of  the  satellite.  is  the  mass  of  the  Ring, 
and  p.  p'.  are  the  interior  and  exterior  radii  of  the  Ring. 
Bessi  d's  result  may  be  found  by  taking  the  potential  in 
the  form, 

ff  r'dr'dO 

'    =JJ  (r2+rfi-2-rr'  cos  0)* 

expanding  the  denominator  by  means  of  the  b[i]  coefficients 
,.;  Laplace,  and  integrating  with  respect  to  6  from  0  to 
2r.  the  result  is 


r  Ami     r'dr' 


the  distance  from  the  center  of  the  planet  to  a  point  in 

the  Ring,  and  as     a  =  -,      in  the  value  of  /<;'"  {Mee.  Cel., 

r 
Tome  I,  p.  271),  we  find,  after  integration  between  the  limits 
p  and  p',  and  noticing  that  the  mass  of  the  Ring  is   pro- 
portional to  it  {pn—p"), 

1/1 


=  m  .    - 


If  we  take  the  derivative  of  V  with  respect  to  r  we  shall 
have  the  force  along  r,  which  is  all  we  need,  since  in  this 
case  the  force  perpendicular  to  the  radius  is  zero.  We 
have 

dv- mru3AY p/4-p4 i 

~dr~   r*lL  +  2\2j-  p>*-pfr* 

5/1.3y  P"-V    1      7 /1.3.5V    P'8-P6    2 


In  the  formula  for  the  perturbation  of  the  perisaturnium 
change  the    independent    variable    from   t   to   v,  the   true 

1  ~H  6  cosv 
anomaly;    write     — - 5-   for    -,  expand  powers  of  1+e 

J  '  a(l  -e2)  r 

cos«,  and  integrate  from  0  to  2-rr.  The  terms  in  the  odd 
powers  of  cos  v  will  contain  sin  0  as  a  factor,  and  will  dis- 
appear.    The  terms  in  even  powers  of  cose  will  be  of  the 

/(cos  v)  X  sin  v,  which  will  disappear,  and  will 
also  contain  a  term  in  v.  Hence  Bessel's  form  for  the 
attraction  of  the  Ring.     Reducing  to  numbers  we  have 


(2) 


dt 


There  remain  the  actions  of  the  satellites  on  Titan.  I 
have  computed  the  secular  perturbations  produced  by  the 
three  bright  satellites  interior  to  Titan:  Rhea,  Dione,  and 
Tethys.     These  results  are 


II  hi  a , 
Dione, 
Tethys, 


=  (6.78547)  .  TOj  (3) 

=  (6.40903) .  m„  (4) 

=  (6.1 6084).  mt  (5) 


Collecting  results  we  have  for  the  motion  of  the  line  of 
apsides  of  Titan,  in  a  Julian  year, 


(~  =   (4.86260)  .  -a  +  (2.65158) .  -4  +  (5.31319) .  m 
+(0.78547)  nh+  (6.40903) .  m2  +  (6.16084)  .  w, 


(6) 


m  being  the  mass  of  the  King. 


Strictly  there  should  be  four  more  terms  in  this  equation 
giving  the  perturbations  produced  by  lapetus  and  Hyperion, 
the  two  satellites  outside  of  Titan,  and  by  Eneeladus  and 
Vim  us,  the  satellites  near  the  Ring.  These  are  omitted, 
because  three  of  them  are  distant  from  Titan;  the  mass  of 
Hyperion  must  be  very  small,  and  all  the  masses  are  uncer- 
tain. From  what  precedes  we  make  a  rough  estimate  of 
their  resultant  action.  In  equation  (6)  the  numerical  co- 
efficients are  known  with  a  fair  degree  of  accuracy,  but  the 

values  of  the  masses  are  uncertain,  and  the  quantities  — , 

I  .  a 

and  —  must  be  found  from  assumptions  on  the  constitution 
a 

of  the  planet.  The  masses  may  be  inferred  from  the  mag- 
nitudes of  the  satellites,  since  the  mass  of  Titan  is  known 
approximately  from  its  action  on  the  line  of  apsides  of  the 
orbit  of  Hyperion.  Taking  the  mass  of  Saturn  for  unity, 
the  mass  of  Titan  is  nearly  45^5-  The  magnitude  of  Titan 
at  an  opposition  of  Saturn  is  8M,  and  that  of  Rhea  is  9M.5. 
From  these  data  we  can  compute  a  mass  of  Rhea,  and  this 
method  might  be  followed  for  the  other  satellites.  But  I 
prefer  to  adopt  the  values  of  these  masses  found  by  Pro- 
fessor H.  Stkive  from  his  observations.  It  is  worth  while 
to  notice,  however,  that  these  values  are  considerably 
smaller  than  those  found  by  comparing  magnitudes. 
Stbttve's  mass  of  Rhea  is  ..,,,' ,  while  from  the  magni- 
tudes we  would  find  ,  ,,' For  the  masses  we  adopt, 


Rhi  n, 

'"\  —   9  S  "'' 

Dione, 

»h    =    535555 

Tethys, 

>»3    =    5W 
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These  values  give  by  (3),  (4),  (5),  the  following  results: 
d-n 


Rhea, 


Dion< . 


tit 


,/: 


=  +24.41 


=    +     1:78 


Tethys,        j-  =  +   1.60 


Sum         =  +30.79 

If  we  add  15"  for  the  actions  of  the  four  other  satellites, 
we  have  45".S  for  the  action  of  all  the  satellites.  Steuve 
finds  from  the  motions  of  Mimas  and  Tethys, 


k 


=  0.0242 


1 


=  0.00070 


With  these  values   the  first  two  terms  of  equation  (6) 

give  1764".0  ;  ami  adding  the  actions  of  the  satellites  the 

sum  is  1S09".S  ;  or  greater  than  the  observed  value,  1793".0. 

From  the  physical  condition  of  the  planet  I  reduce  the 

Goshen,   Conn.,  1902  June  0. 


value  of    -j    to  0.0222.  an  older  result.     The  terms  of  (6) 
give  1618". 2,  and  hence 

■£  =  1664".0  +  (5.31319).™  =  1793".0 

The  mass  of  the  Rings  is 


It  is  probable,  I  think,  that  the  satellites  produce  more 
motion  than  45".8,  and  this  mass  of  the  Rings  may  be  too 
great.  The  values  of  eleven  constants  are  needed,  and  the 
uncertainties  in  the  theory  of  this  system  can  be  removed 
only  by  further  observation  and  discussion  of  the  motions 
of  the  satellites.  There  is  not  much  theoretical  difficulty 
to  be  encountered,  except  in  the  case  of  Hyperion,  whose 
theory  has  not  yet  been  worked  out,  and  which  may  require 
much  labor.  After  a  few  years  Saturn  will  return  to  our 
northern  skies,  and  the  means  of  observing  are  now  so  good 
that  we  may  hope  for  a  complete  theory  of  this  interesting 
system. 


THE  RATE  OF  THE  RIEFLER  SIDEREAL  CLOCK  NO. 

By  CHAELES  S.  HOWE. 


56, 


In  order  that  a  clock  may  run  at  its  best  rate,  it  must  be 
under  constant  pressure  and  constant  temperature,  or  there 
must  be  a  perfect  compensation  for  pressure  and  tempera- 
ture. It  is  impossible  to  obtain  a  perfect  compensation 
for  either  of  these,  and  therefore  it  is  desirable  to  main- 
tain a  constant  pressure  and  temperature  in  the  clock  case. 
Constant  pressure  can  only  be  obtained  by  enclosing  the 
clock  in  an  air-tight  case,  and  partially  exhausting  the  air. 
Then  if  the  temperature  is  kept  constant,  the  pressure  will 
remain  constant.  The  clock  room  at  the  Case  Observatory 
is  maintained  at  practically  constant  temperature  by  means 
of  gas  stoves  outside  of  the  room,  and  electric  lights  with- 
in the  room,  automatically  controlled  by  thermostats  com- 
posed of  steel  and  hard  rubber.  A  paper,  giving  an 
account  of  the  method  by  which  this  is  done,  was  read  be- 
fore the  Astronomical  and  Astrophysical  Society  of  America 
at  its  last  meeting  in  Washington,  and  will  shortly  be  pub- 
lished. It  is  sufficient  to  say  here  that  the  temperature  of 
the  clock  room  varies  only  a  few  tenths  of  a  degree  during 
the  entire  year.  Such  a  clock  room  can  be  constructed  at 
comparatively  low  cost,  and  seems  to  solve  the  question  of 
constant  temperature  for  the  clock.  So  far  as  I  am  aware, 
the  only  clock-maker  who  has  put  upon  the  market  a  clock 
so  arranged  as  to  remain  at  a  constant  pressure,  is  Riefler 
of  Munich.  He  encloses  the  clock  in  a  glass  case,  which  is 
made  air-tight.  There  are  three  of  these  clocks  in  this 
country.  One  is  at  the  Philadelphia  Observatory,  one  at 
the  Georgetown  College  Observatory,  and  one  at  the  Case 


Observatory.  The  clock  at  the  Case  Observatory  was  re- 
ceived about  a  year  ago,  but  was  not  permanently  sealed 
up  until  September,  1901,  on  account  of  a  broken  barometer 
which  had  to  be  replaced.  The  clock  is  fastened  to  a  wall 
of  the  constant  temperature  room  by  means  of  a  bracket. 
The  iron  bracket  is  securely  bolted  to  the  wall  by  bolts 
which  run  clear  through  the  wall,  and  are  fastened  upon 
the  outer  side.  A  long  glass  cylinder,  closed  at  the  bottom, 
and  open  at  the  top,  is  slipped  through  this  bracket,  and 
rests  upon  three  screws  which  level  and  hold  it  in  place. 
The  clock  movement  is  fastened  by  four  screws  to  the  top 
of  this  cylinder.  The  pendulum,  of  course,  is  lowered 
down  into  the  open  cylinder.  Then  a  bell  glass  is  put  over 
the  top  of  the  movement,  and  the  surfaces  are  rendered  air- 
tight by  means  of  vaseline.  A  small  foot-pump  is  attached 
to  a  stop-cock  at  the  bottom  of  the  lower  cylinder.  The 
clock  is  wound  by  two  dry  cells  about  once  in  seven 
minutes.  The  weight,  which  is  a  small  piece  of  brass 
weighing,  perhaps,  half  an  ounce,  is  raised  by  means  of  an 
electro-magnet  operated  by  the  battery.  The  weight  is  at 
the  end  of  a  lever,  which  is  attached  to  the  minute  shaft. 
A  barometer  and  thermometer  are  kept  within  the  ease, 
and  ran  readily  be  seen  through  the  glass  cover.  The 
pressure  maintained  has  been  673  mm.  There  has  been  no 
leakage  since  last  September.  Not  a  single  stroke  of  the 
pump  has  been  necessary  to  maintain  constant  pressure, 
Before  being  finally  closed  the  clock  was  regulated  so  as  to 
lose  about  one  and  a  half  seconds  per  day.     The  air  was 
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'■:  ll  by  trial  I  small.    The 

final  adjust] 

air-pump.     If  the  clock  loses,  air  is  taken  ou1  ;  if  ii 
air  is  let   in.     Tfc  ms  was 

to  see  whal  would  have  under  a  pres- 

sure slightly  lower  thai  eric  pressure.     It  is  the 

ma  vacuum,  or  a1  least 
at  two  or  threi  n  m.      \ 
cylinder  has  been  provided,  which  will  stand  this 
re,  as   1  >r.  B  tie  thai  th 

te   exhaustion.     So   Ear   as   is 
known  no  clock  has  ever  been  inn  in  a  vacuum,  ai 

are  no  better  than  those  ent  series. 

following  table  shows  the  clock  rates  Eroin  December 

March  24.     Observations  were  i le  with  the  Ca  e 

Almucantar,  and  the  clock  corrections  depend 

ii.     Then    are  not  as  many  observations 
as  might  be  desirable,  but  the  weather  in  i  during 

the  v.  "mi  observing  nights  are  few 

and  far  between.     Every  observation  made  has  been  placed 
with   the  exception  of  January  15,  when  only 
one  pair  was  observed,  and  February  28  and  March  6,  when 
the  el'  iok  indicated  that  the  results  were   very 

These  results  v  ed   because   the  object  of 

this  investigation  was  to  see  what  the  clock  was  capable  of 
doing,  and  its  rate  should  rest  upon  the  very  besl  observa- 
tions possible. 


Table   I. 


Daily 
Rate 

s 

hO.097 
+  .112 
+  .094 
+   .103 

+  .100 

+  .100 

+  .114 

+  .135 

+  .135 

+  .137 

-  .127 

+  .117 

:      .137 

I  0.098 


f  0.116 


Da 

e 

Time 

Error 

h 

Dec. 

17 

3 

18 

-13.58 

D 

20 

•> 

53 

-13.29 

■Jl 

0 

29 

-13.18 

17 

2 

20 

-10.63 

L9 

5 

36 

lull 

Jan. 

25 

2 

53 

-  9.62 

Jan. 

27 

2 

13 

-   9.42 

5 

0 

30 

3 

11 

1 

1 

12 

8.41 

in 

6 

10 

-   7.59 

15 

8 

52 

-   6.89 

Mar 

5 

9 

-ii 

M    . 

L0 

7 

55 

1.02 

Mar 

l:; 

7 

50 

M   r 

in 

3 

3 

3.02 

Minns 
Rate       Dailj  i:  itc 


f-0.0040 

+  .0047 

t-  .0039 

+  .0043 

+  .0056 

+  .0042 

+  .0042 

4  , 8 

+  .0056 

+  .0056 

+  .0057 

+  .0053 

1 9 

r  .0057 
+0.0041 


0.019 
.004 
.022 
.013 
.018 
.016 
016 
.002 
.019 
.019 
.021 
.01  I 
.001 
.021 

0.018 


MeanVar.     5 

Max.  Var.     0.022 


second.  I  think  no  other  published  rates  show  as  small 
differences  as  these.  The  mean  daily  rate  oi  the  clock  Eor 
this  period  is  0.116  of  a  second,  [f  the  observations  of 
bei  17  and  March  19  alone  had  been  used,  the  daily 
rate  for  this  whole  period  would  have  been  0.115  of  a  ec 
ond.  and  the  interpolated  values  of  the  clock   rates  would 

never  have  differed    Er the   I  rue   values  bj   more  than 

0.022   of  a   second.     It    seems  to  me  thai   such   rati 
remarkable,  and  could   nol    possibly  I"-  obtained  Erom  any 
clock  u  -  running  under  conditions  of  constant 

are  ami  temperal ure. 
When  all  the  observations  are  used  the  re  alts   u 
follows : 


ill  be  seen  from  this  tal  tie  maximum  i 

ence  between  the   mean   daily  rate  and   the  dailj  rate  is 
0.022  of  a  second,  and  the  a-.  rence  is  0.01 


Date 

1801  2 

Dec.  17 

Dec.  20 

Dee.  21 

dan.  15 

dan.  17 

dan.  19 

dan.  25 

dan.  27 

dan.    30 

Feb.  I 
Feb.  in 
Feb  L5 
Feb.  28 
Mar.  5 
Mar.  6 
Mar.  in 
Mar.  13 
Mar.   19 


Table  1 

Clock 
Error 

-13.58 

-  13.29 
-13.18 
.    10.95* 
-10.63 
-10.41 

-  9.62 

-  9.42 

-  9.31 

-  9.09 

-  8.41 

-  7.59 

-  6.89 

-  5.10f 

-  4.60 
^  l.52f 

l.oi' 
7  50  -  3.61 
S3-  3.02 

Mean  Daily  Kate,      +0.116 


Clock 

I  I  I  r  i .  ■ 
h         m 

3  18 

2  53 

ii  29 

1  59 

2  L'n 
5  36 
2  53 

2  43 
5  ii 

3  11 

I  12 

ii  K) 

8  52 
7  ."> 

9  '-'ii 
7  18 


;>;>         — 


Mean 

Daily 

Hourly 

Daily  Rate 
Minus 

Rate 

Rate 

Dailj   Bate 

8 

+  0.097 

+  0.0040 

0.019 

+    .112 

+ 

.iiiil7 

.001 

+■    .089 

+ 

.0037 

.027 

+   .159 

+ 

.0066 

.043 

+   .103 

+ 

.0043 

.013 

+   .134 

+ 

.0056 

.018 

+   .inn 

+ 

.0042 

.016 

+   .Hid 

+ 

.0042 

.016 

+    .114 

+ 

.0048 

.002 

+   .135 

+ 

.0056 

.019 

+   .135 

+ 

.0056 

.019 

+   .137 

+ 

.0057 

.021 

+   .138 

+ 

.0058 

.o2l' 

+   .098 

+ 

.null 

.018 

+   .us  7 

+ 

.0036 

.029 

+   .124 

+ 

.0052 

.008 

+   .137 

+ 

.our,  7 

.021 

!  0.098 

+0.0041 

0.018 

MeanVar.      0.018 
Max.  Var.     0.043 


•  i  ine  pair.        I  Poor. 


It  will  be  seen  that  the  moan  daily  rate  is  just  the  same 
w  hen  everj  observation  is  used  as  in  the  other  table  where 
the  three  observations  are  omitted.  The  mean  variation 
from  tl  ''    rate  is  in  this  case  0.018  of  a  second 

per  day,  and  the  maximum  variation  is  0.043  of  a  second. 
In;  ma  ainim  variation  occurs  between  January  15  and 
January  17.  but  on  January  15  only  one  pair  of  -tars  was 
observed,  ami  therefore  the  clock  correction  Eor  that  day  is 
I  to  be.  The  uexl  largest  variation 
is  0.029  of  a  second.  With  these  poor  observations  in- 
cluded I  believe  the  daily  rates  and  mean  variations  from 
the  mean  daily  rates  are  bettor  than  any  other  published 
i lions  with  one  exception  namely,  that  of  the 
clock  ai  the  Berlin  observatory. 


Case  Observai 
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BESSEL'S   OBSERVATIONS   FOR   PARALLAX   OF   p.  CASSIOPEIAE, 

By  HERMAN  S.  DAVIS. 


In  the  Abhandlungen   von    F.   II'.  Bessel,   Bd.  II,  215  6, 

are  given  the  formulas  and  eighty  equations  from  which 
Bessel  deduced 

-0".122     ±0".251 

as  the  parallax  of  /x  CaSsiopeiae  —  derived  from  differences 
of  right-ascension  between  fj.  and  $  from  1814  Nov.  1  to 
1816  May  20. 

In  March,  1893,  I  made  a  rediscussion  of  these  eighty 
equations,  by  solving  them  anew  after  revising  the  differ- 
ences of  right-ascension  in  such  a  manner  as  would  base 
them  on  the  following  values  for  1815.0  : 


!0".8 


n  =  20".05941          a„  =    0"  59m  54".7 

a    =     0h  56m 

k  =  20  .44511          8.  =  54D    9'  44".9 

8„  =  5  1 

£   =  23d  27'  47".2    ^  =  +0'.0233 

^  =+0'.3860 

These  give 

-0\32986(!S-1815)  +  0S.0113  sin(£+185°  22') 

+0».0402  sin(©  +  178c 

whereas  Bessel  used 


1  ■'■ 


-0-.3219  (£-1815)  +  08.0119sin(S2+186°49') 

+  0S.0398  sin  (©  +  178°  44') 

In  the  new  solution,  Bessel's  coefficients  were  used  ex- 
actly as   printed   in   the  equations  of  the  Abhandh 


From  the  revised  differences  of  right-ascension,  the  results 
marked  "  Davis  I  "  in  the  accompanying  'table  were  de- 
rived. These  were  communicated  to  the  New  York  Acad- 
emy of  Sciences  November  13,  1893,  and  a  Note  on  their 
filiation  was  printed  in  the  Transactions  oi  thai 
Academy  for  the  same  date,  Vol.  XIII,  page  75. 

A  table  including  this  value  of  parallax,  together  with 
Bessel's  and  eight  others,  can  !«■  found  on  page  15  of 
Dr.  G.  N.  Bauer's  thesis,  "The  Parallax  of  /n  & 
(Contribution  No.  IS  from  the  Observatory  of  Columbia 
University,  New  York,  1901).  In  that  table  should  also 
be  inserted  the  value  of  +0".120  ±<>".044  published  by 
Mr.  Flint  in  Sci,  nee,  Vol.  111.  April  24,  1896. 

In  1899,  Dr.  Fkitz  Cohn  published  his 

's  BeobacJitungt  n  am  Dolland'sclu  n  Mittagsfemri 
dm  Jahren,  1813  L819  (K6nigsberg,  1899).  Inconsequence 
of  having  already  at  hand  the  material  with  which  to  make 
easily  another  solution  of  Bessel's  equations  for  parallax 
by  use  of  the  definitive  right-ascensions  of  Dr.  Cohn.  I 
thought  it  might  be  worth  while  to  do  so.  —  mainly  for  the 
purpose  of  saving  anyone  else  the  trouble,  since  it  seems 
to  have  been  rightly  concluded  by  Bessel  himself  that 
the  parallax  quest  from  these  observations  is  futile. 

The  results  now  derived  are  marked  "Davis  II  "  in  the 
table  herewith  : 


is  15.0 

Bessel 

Davis  I 

Davis  II 

'<■„  —  "* 

7Tp    —   ~- 
ft.    —  ft 

v  r'1 

-3m52'.0S21      ± 

-       0".1218     ±0".2510 

-3m  52".(>390    ±0S.0258 
+        0".0210    ±0".2445 

+        0s.  21)81    ±  0s .0290 
2s.  415 

-3"'52!,0358    ±08.0246 
-        0".2106    ±0".2295 
+        0s  .2974     fc08.0275 
2' .100 

2".492 

The  diminution  of  the  sum  of  the  squares  of  the  resid- 
uals indicates  that  each  reduction  has  been  an  im 
ment  on  its  predecessor.  As  was  expected,  the  difference 
in  right-ascension  of  the  two  stars,  and  the  difference  of 
their  proper  motions,  remain  almost  unchanged  in  the  two 
new  solutions.  On  the  other  hand,  the  parallax  is  ma- 
terially altered,  though  no  more  than  the  probable  error 
renders  permissible.  It  is  curious  that  Bessel's  value 
happens  to  be  the  mean  between  the  two  new  va 

It  is  to  be  noted,  however,  that  for  my  second  solution 
the  eighty  equations  no  longer  remained  unchanged  except 
in  their  absolute  term,  but  they  differed  in  the  following 
particulars : 

Pm    The  equations  of  1S14  Dec.  22  and  1815  April  16  have 
been  omitted,  and  a  second  equation  for  1815  Jan.  4 


has  been  inserted.  Both  omissions  and  insertion 
were  due  solekj  l"  absence  t>r  presence  of  the  obser- 
vations in  Dr.  Cohn's  publication. 

(b)  <>ul\  two  decimals  were  retained   in  the  coefficients  of 

proper  motion.     Likewise   from    Dr.  Coin's   publi- 
cation it  was  possible  to  express  the  absolute 
also  to  only  two  deem 

The  magnitude  of  the  probable  error  of  the  parallax  — 

together  with  its  attendant  probability  of  great  fluctuation 
value  of  the  parallax  itself,  as  here  shown,  by  only 
slight  changes  in  the  absolute  term,  though  having 
ai'ficanl  effect  upon  the  other  unknowns  —  confirms  pre- 
vious conclusions  that  it  is  a  waste  oi'  time  to  make  new 
solutions  for  the   other  stars  observed  by    Bessel  in  the 


same  manner. 
International  Latitude  Observatory,  Gaithersburg,  Maryland,  1902  Junt  28. 
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()\    THE    LIGHT-VARIATION'S  OF    RX 

Bi   I'M  c  s.  ■>  i  \m  i.i.. 
This  star  was  announced  l>\  S\«u  b,  in  l  898  i   I  ■■'  .  \  I  \  . 
p.  120),  type. 

Ma  I  I  rut  3  earj  ami  m\ 

obser .      ■  bime  show  1  hat  it  i-  oo1  of 

3l  met  l\    ill    I  i      r<i,  . 

0  L902  Mi\  8,  I  observed  a  minimum  oi  the  star,  and 
found  it  bi'i  phase  than  I  bhoughl  I  had  reason 

\  ',  obsen  ed  minimum  on  May 

me  peculiaril  .it  minimum,  as  on 

tin-  previous  occasion,  nol  going  below  t.O  of  my  light-scale. 

A  .1  i  later,  mi  making  up  my  working  list   for 

ind  July,  1  found  a  clerical  error  of  ten  hours  in  my 
ephemeris  of  MX.  This  threw  these  two  minima  into  the 
middli  ."I.     Onlj  two  explanations  of  this 

could  be  admitted;  either  the  observations  themselves 
were  in  error,  presumably  through  the  expectation  of  {nad- 
ir faint,  oi-  tin-  period  of  variation  was  sub- 
divided. 'Die  former  supposition  I  was  by  no  means  will- 
in;,'  to  admit,  especially  as  the  observations  of  May  1'4  had 
been  made  without  recenl  reference  to  the  observing  list, 
and  under  the  expectation  and  for  the  purpose  of  finding 
the  star  at  its  normal  brightness.  1  had  previously  on 
several  evenings  observed  the  star  for  the  same  purpose, 
and  found  it  scarcely  constant  at  its  normal  light. 

According  to  the  corrected  ephemeris  the  next  available 
minimum  came  on  May  29.  I  succeeded  in  observing  the 
minimum  light  and  a  part  of  the  increase,  and  found  the 
former  to  be  about  one  and  a  half  steps  brighter  than  the 
comparison-star  e  (DM.  12°3546),  or  1.5  of  my  light-scale. 
On  the  following  evening  I  again  observed  the  star  at  its 
minimum  light,  which  I  found  on  that  evening  to  be  one 
step  brighter  than  e,  being  1.0  of  my  light-scale. 

1  had  already  concluded  that  I  had  no  reason  to  reject 
the  observations  of  .May  8  ami  24,  ami  upon  obtaining 
these  later  data,  I  at  once  recognized  that  tin-  star  was  in 
all  probability  not  of  the   type   of  Algol,  but   of  that  of 

c   minima   determined    by  previous   observers 
principal    ones,    and    my    own    of     May    8    and    21 
secondary. 

I  in  '   under  close  watch,  observing 

■  when  obser- 

re  possible.     I  observed  a  principal  minimum, 

termined  one  I  have  so  far  been  so 

fortunate  as  to  ol  J         5,  a1   ll     l  _'  .  Local  M.T.. 

and  have  observed   well-deter]  \    minima  on 

the  follow  i 

1902  May     8  1"  25°  Lo    d  M.T. 

June    li  12  25 

July     8     :»  48 

12    :•  lo 


HERCULIS, 


Using  I.i  [zEt's  epochs,  we  find  from  these  observations 

the  following   illtei  \  : 


•:  1 175 

Maj  s.434 

32d.083 

loll 

June  9.51  7 

23d.975 

L538 

July  3.492 

8".911 

i 5  l  s 

12.403 

From  which  1  rind  values  for  the  period  respectively  of 
0d.8913,  0d.8880,  and  04.8911,  the  mean  of  all  being 
0d.8899,  Luizet's  value  being  0d.8893,  and  Sawyer's 
0d.8896. 

These  correspondences  make  strongly  for  the  reality  of 
the  phenomenon,  for  it  is  highly  improbable  that  they  can 
be  accidental  coincidences  or  the  result  of  errors  of  obser- 
vation. < 

My  observations  of  the  star  from  1902  May  8  to  and  in- 
cluding July  12,  number  in  all  122.  Using  the  elements 
of  Luizet  (A.N.  3764),  I  have  formed  from  them  a  pro- 
visional mean  light-cuf-ve,  which  completely  confirms  my 
conclusion  above  stated  as  to  the  character  of  the  star's 
light-changes. 

The  readings  from  the  curve  are  as  follows,  beginning  at 
the  principal  minimum  : 


o  o 

1.7 

G 

0 

7.7 

12 

0 

5.3 

19  0 

7.5 

o  30 

2.0 

7 

0 

7.6 

13 

0 

5.9 

19  30 

6.3 

1  0 

3.2 

8 

(1 

6.8 

14 

0 

7.1 

20  0 

4.6 

2  0 

5.4 

9 

0 

5.8 

15 

0 

7.8 

20  30 

3.0 

3     0 

0.4 

lo 

0 

5.2 

1G 

0 

8.3 

21   0 

2.0 

4  0 

7.2 

10 

30 

5.0 

17 

0 

8.5 

21  20.5 

1.7 

5  <> 

7.G 

11 

i) 

5.0 

18 

0 

8.3 

From  13h  to  19h  there  is  a  dearth  of  observations,  so 
that  this  part  of  the  curve  is  less  known  than  the  rest,  and 
it  is  not  possible  to  state  with  certainty  the  time  or  bright- 
ness of  the  maximum  following  the  secondary  minimum, 
though  the  indications  seem  to  be  that  it  is  somewhat 
brighter  than  the  one  at  6b. 

The  important  point,  however,  the  secondary  minimum 
is  determined  from  no  fewer  than  59  observations,  being 
nearly  one-half  the  whole  number  available.  The  entire 
character  of  the  curve,  as  will  be  seen,  is  much  like  that  of 
f3  Lyrae. 

The  comparison-stars  and  light-scale  used  are  as  follows: 


DM.  +13  3658 
DM.  +13  3677 
DM.  +11'  3598 
DM.  +12  3546 


Light 

10.4 

6.5 

8.0 
0.0 
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NOMENCLATURE   OF  NEWLY   DISCOVERED   VARIABLE    STARS. 


The  following  list  contains  a  collection  of  stars  which 
have  been  recognized  as  certainly  variable  within  the  last 
few  months,  and  for  which  the  notation,  in  the  usual  man- 
ner, can  therefore  be  assigned.  Photography  takes  the 
principal  share  in  the  new  discoveries,  and  it  is  noteworthy 
that  of  the  24  objects  no  fewer  than  4  are  variables  of  the 
Algol-type  (Ch.  3707,  6927,  7318,  7891),  among  them  one 
with  the  strikingly  long  period  of  31.3  days.     The  "chart- 


place,"  for  stars  between  declination  —23°  and  the  south 
pole,  is  for  the  equinox  1875  ;  for  the  others,  that  of  1855. 
A  v  or  ji/i  in  the  last  column  indicates  whether  the  maxi- 
mum and  minimum  magnitudes  are  visual  or  photographic. 
Continuous  observation  of  the  stars  in  the  list  is  earn- 
estly requested,  in  order  that  a  certain  determination  of 
the  elements  of  their  variations  may  be  made  as  soon  as 
possible. 


No. 

Provis. 

Position  for  1900.0 

Prec. 

1900 

Chart-Place 

Magnitude 

Ch.' 

Notation 
A.  N. 

Name 

R.A. 

Decl. 

R.A. 

Decl. 

R.A. 

Decl. 

Max. 

Min. 

885 

X  Eridani 

tarns 

2  27  26 

-41°  54.1 

+  2!35 

+  (i.27 

2  26  27 

-42°   0.8 

9.10 

<11 

ph. 

1232 

T  Fornacis 

3  25  24 

-28  14.8 

+  2.50 

+  0.21 

3  24  22 

-28  49.6 

S.9 

10 

V 

2096 

8.1902 

V  Camelopardalis 

5  49  24 

+  74  29.9 

+  7.89 

+0.02 

5  43  29 

+  71  29.0 

9 

14 

ph. 

2709 

27.1900 

S  VoL' ntis 

7  31  29 

-73    9.9 

-1.00 

-0.13 

7  31  54 

-73    6.6 

9 

<12 

V 

3394 

Y  Velorum 

9  25  40 

-51  44.6 

+  2.02 

-0.26 

9  24  49 

—  51  38.0 

8.9 

<12 

V 

3536 

28. 1900 

Z  Velorum 

9  49  25 

-53  42.5 

+  2.(10 

-0.28 

9  48  33 

—  53  35.5 

9 

<13 

V 

3707 

91. 1901 

RR  Velorum 

10  17  48 

-41  51.3 

+  2.50 

-0.30 

10  16  44 

-41  43.6 

10 

11 

V 

4055 

RY  Carinae 

11  15  49 

-61  19.0 

+  2.60 

-0.33 

11  14  44 

-16  10.0 

10 

<12 

V 

4953 

RX  Centauri 

13  45  33 

-36  26.8 

+  3.51 

-0.3(1 

13  11    5 

-36  19.3 

9 

<12 

V 

4957 

29. 1900 

TApodis 

13  46    6 

-77  1S.5 

+  5.72 

-0.30 

13  13  11 

-77  11.0 

8.9 

<12 

V 

5928 

77. 1901 

SS  Eerculis 

16  28    1 

+   7    3.0 

+  2.92 

-0.13 

16  25  50 

+    7    8.9 

9 

<12 

V 

6513 

6. 1902 

TV  Draeonis 

18    5  27 

+  65  56.5 

+0.08 

+  0.01 

18    5  23 

+  65  56.2 

9 

14 

ph. 

6521 

7. 1902 

X  Draeonis 

18    6  47 

+  66    8.3 

+  0.05 

+  0.01 

18    6  45 

+  66    7.9 

9.10 

14 

ph. 

6827 

5. 1902 

RTLyrae 

18  57  46 

+  37  22.4 

+  2.08 

+0.08 

18  56  12 

+  37  18.7 

10.11 

<12 

ph. 

6895 

11.1902 

R U  Ltjrae 

19    9    6 

+  41    8.1 

+  1.96 

+  0.10 

19    7  37 

+  41    3.7 

11 

13 

ph. 

6927 

93. 1901 

U  Sagittae 

19  14  26 

+  19  25.7 

+  2.63 

+  0.11 

19  12  27 

+  19  20.8 

6.7 

9 

V 

7318 

78. 1901 

UW  Cygni 

20  19  36 

+42  54.9 

+  2.05 

+  0.19 

20  18    4 

+  42  46.4 

10.11 

13 

V 

7360 

RU  Capricorni 

20  26  14 

-22    1.7 

+  3.51 

+  0.20 

20  24    6 

-22  10.7 

9 

<12 

r 

7505 

96.1901 

UX  Cygni 

20  50  55 

+  30    2.0 

+  2.51 

+  0.23 

20  49    2 

+  29  51.8 

9.10 

<12 

ph. 

7514 

1. 1902 

UY  Cygni 

20  52  16 

+  30    2.8 

+  2.51 

+  0.23 

20  50  23 

+  29  52.6 

9.10 

10.11 

V 

7800 

95. 1901 

RR  Pegasi 

21  39  59 

+  24  32.9 

+  2.72 

+  0.27 

21  37  56 

+  24  20.6 

9 

<12 

V 

7891 

10. 1902 

UZ  Cygni 

21  55  14 

+  43  51.9 

+  2.41 

+  0.29 

21  53  26 

+  43  39.1 

9 

11.12 

ph. 

7964 

12.1902 

RS  Pegasi 

22    7  24 

+  14    3.6 

+  2.91 

+  0.30 

22    5  13 

+  13  50.4 

8.9 

<10 

V 

8182 

2. 1902 

V  Lacertae 

22  43  39 

+  54  38.0 

+  2.46 

+  0.32 

22  41  49 

+  51  23. 8 

8 

V 

Committee  on  Publication  of  a  Catalogue  of  Variable  Stars  : 
Duner,  Hartwig,  Muller,  Oudemans. 


ON   TWO   CASES  OF   SU 

By  PAUL  S 
(7401)  -Delphini  =  DM.  +17°4370. 
a  =  20h  33m  21"     ;     8  =  +17°  64'.8    (1900). 

This  star  is  Birmingham  566  =  Espin-Birmingham  679. 
It  is  given  in  the  DM.  as  7M.0.  The  Bonn  Zones  have  esti- 
mates as  follows  :  1856  Nov.  9,  7". 9;  Nov.  10,  6".8. 

The  Potsdam  DM.  gives  it  as  6M.04,  RG.  The  individual 
measures  are:  1S8S  Sept.  17,  5".92;  1892  Aug.  23,  6".17. 
The  former  observation  has  the  note,  "Die  rothe  Farbe 
stort." 

My  attention  was  called  to  the  star  by  Gore  in  1890.  I 
have  42  observations  of  it  during  that  year,  which  indicate 
irregular  fluctuation  from  6M.3  to  7M.6,  but  in  view  of  the 
star's  strong  color,  and  the  difficulty  of  observation  due 
thereto,  I  did  not  consider  the  observations  decisive. 

Flanery,  in  1896  and  1897,  made  150  observations  of 
the  star,  which  indicate  variation  of  about  a  magnitude, 
from  6M  to  7M. 

The  star  appears  to  be  a  variable  of  the  R  Sctti  type. 


SPECTED   VARIABILITY, 

YENDELL. 

DM.  +54°2863. 

a  =  22h41"\S     ;     S  =  +54°  23'.8     (1855). 

This  star  is  given  as  9M.5  in  the  DM.  It  does  not  appear 
in  the  Zones. 

It  is  Espin-Birmingham  735.  Espin,  A.  N.  3232,  ••  Sins 
with  Peculiar  Spectra,"  says,  "Var?"  Graff  calls  atten- 
tion to  the  star,    I..Y.  3774. 

It  has  been  on  my  observing  list  since  1894.  I  have  ob- 
servations as  follows,  the  magnitudes  being  based  on  those 
of  the  DM. : 


1894  Sept.  'Jl 

8.25 

1896  Sept.  11 

8.10 

Dec.    25 

S.75 

20 

8.25 

1895  Dec.  15 

8.85 

Oct.      8 

8.45 

1896  Aug.  19 

8.30 

31 

8.3 

Sept.  11 

8.10 

The  star  is  probably  variable  within  the  limits  8"  and 
9M,  but  does  not  seem  to  have  been  observed  fainter  than 
this,  except  at  Bonn. 
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No'l'i:   <>N    KIMURA'S   SUGGESTION 

Bi    S.  C  CHANDLER. 


IX    A.J.  517, 


i  to  Mr.  Kimtjra's 
interesting  article  in  A.J.  517,  that  it    is  .  in  an 

examination  of  such  a  minute  and  o  e  effect  a    the  one 

tend  particularly  to  the  corn  cl  ii  n  of  I  tie 
various  to  tl  of  the  abei  ration. 

ij  which  the  various  series  of  latitude- 
variations  that  he  has  employed  have  been  treated  air 
quite  pari  icular.     The    constani 

:  i  duction    oi  \  ations    has    been 

,y   Struve's.     Tin'    results  so  obtained    have  been 

variously   modified.      1:      ome   ca  !      the    "closing   error" 

The 

i  pari  ial  ci  erron- 

eous al  Bui  there  will  still  remain  errors  of  two 

i   error.     Fust,  the  mean  of  the 
■    morning  and   evening  groups 
.     eason  i 

-in  the  latitude  -whose 

mt  may  amount  to  0".02.      Secondly,  there  will  also 


outstanding  U   this  process  an  aberration  error  in- 
dependent on  the  sun's  longitude  of  Ik  sine  cos  <j  cus©. 
[f,  as  seems  I e  most  probable,  the  true  aberration-con- 
stant is  about  20".525,  the  periodical  error  in  the  latitudes 
so  arising  will  have  a  coefficient  of  about  0".025. 

In   the  case  of  other  series  the  latitudes  have  been  cor- 
rected to  a  value  of  the  aberration  found  from  the  series 
•  Ives,  and  the  values  so  adopted    have   ranged  all  the 
way  up  to  20".55. 

Tin'  result  of  this  heterogeneity  of  processes  is  that  an 
effect  of  the  same  order  as  the  phenomenon  pointed  out  by 
Mr.  Kimura  mighi  have  been  introduced  by  this  cause, 
which  must  be  carefully  eliminated.  I  by  no  means  deny 
that  such  a  phenomenon  may  have  an  objective  existence, 
ha  we  are  by  no  means  certain  that  the  earth's  center  of 
gravity  may  not  have  an  annual  periodical  oscillation,  of 
say  a  few  feet,  m  the  line  of  the  axis;  indeed,  1  have  for 
some  years  been  watching  current  observations  for  evi- 
of  its  possible  manifestation. 


MX S POT   OBSE R VATIONS, 

MADE    Al     BEKTVTS,    l'EXX.,    Willi    A    41-IXl'II    REFRACTOR, 

By  A.  W.  QUIMBY. 
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made  on  122  other  days  of  tin-  semester,  beginning  January  1,  when  neither  spots  nor  faculae  were  seen.     The 
sun  was  invisible  on  January  8,  lit.  22,  26,  29,  31  :    Feb.   1,   IT,  22,  25,  28  ;    March  5,   16,  28  ;     Lpril  3,  29;   May  3. 


CONTEXTS. 
Mass  of  THi   Rings  oi    Saturn,   in    A.   Hall. 

OF  THE   RlEFl  ill \".    56,    BY    CHARLES    S.     HOWE. 

Bessel's  '  ii;-i  i:\  .  Parali  v  \  "i    u  Cassiofeiae,  bi    Herman  s.  Davis 

On    Till:    LlGHT-VARl  /     \     HlSRI  I    MS,    1.1     I'M    I.    S.     ■*  INI. 1. 1. 1,. 

D  !   RED    V  MO  \l:l  1     STA  RS. 

•  ni    Suspected  Variability,   bi    Paui    S.   \i 
iv  Kimura's  Suggestion  in  A.J.  517,   bi   S.  C,  Chandlee 
Si  nspot  Observations,   i;\    \.  W.  Qi  imby. 
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ON    THE    STATISTICAL    RELATIONS   AMONG    THE    PARALLAXES   AND   THE 
PROPER  MOTIONS   OF   THE   STARS, 


By  SIMON   NEWCOMB. 


§1. 


The  idea  of  a  parallactic  survey  of  the  heavens,  with  a 
view  of  detecting  all  the  stars  having  a  measurable  parallax, 
is  a  familiar  one  in  our  practical  astronomy,  especially 
since  the  improvement  of  the  photographic  method  has 
suggested  the  possibility  of  putting  the  idea  into  execution. 
A  beginning  was  made  a  few  years  ago  when  plates  of  a 
small  portion  of  the  sky  were  taken  with  this  special  ob- 
ject at  Helsingfors,  and  worked  up  by  Kapteyn.  The 
results  of  this  attempt  appeared  first  in  a  brief  summary 
published  by  Kapteyn  in  the  Astronomische  Nachrichten, 
and  later  in  extenso  in  a  '•  Publication  "  of  the  Astronomical 
Laboratory  at  Groningen. 

A  study  of  these  papers  seemed  to  me  to  show  a  difficulty 
in  reaching  any  well  defined  conclusions  from  such  a  sur- 
vey, unless  the  statistical  relations  among  the  parallaxes 
and  proper  motions  were  better  understood  than  they  yet 
have  been.  The  present  paper  is  an  attempt  in  this  direc- 
tion which  will,  I  trust,  at  least  pave  the  way  for  subse- 
quent improvements  of  the  results,  and  suggest  the  points 
to  be  considered  in  planning  a  general  parallactic  survey, 
and  interpreting  its  results. 

Interpretations  of  stellar  statistics  necessarily  involve 
certain  preliminary  hypotheses,  which  form  the  basis  for 
our  conclusions.  So  far  as  the  latter  agree  with  observa- 
tion we  may  assume  the  hypotheses  to  be  confirmed,  while 
systematic  deviations  from  observations  will  call  for  farther 
investigation  in  order  to  determine  their  causes. 

The  two  fundamental  hypotheses  have  been  enunciated 
by  Kapteyn  in  his  recent  remarkable  paper  "  On  the  Dis- 
tribution of  Cosmic  Velocities."     They  are: 

1.  That,  at  least  within  the  limits  of  space  containing 
the  stars  with  a  proper  motion  exceeding  a  certain  limit,  the 
stars  are  scattered  through  space  with  an  approach  to 
uniformity. 

2.  That,  a  few  exceptional  cases  aside,  the -proper  mo- 


tions have  no  systematic  tendency  toward  any  particular 
direction. 

It  seems  to  me  that  the  first  hypothesis  is  fully  justified 
by  the  remarkable  equality  in  the  thickness  of  the  stars 
down  to  a  certain  magnitude  in  any  two  opposite  regions 
of  the  heavens,  and  the  uniformity  of  the  law  of  increase 
in  star-thickness  from  the  galactic  poles  to  the  galaxy  itself. 
The  second  hypothesis  is,  perhaps,  less  securely  founded ; 
but  the  chance  character  of  the  scattering,  both  of  the 
observed  proper  motions  on  the  celestial  sphere,  and  of  the 
radial  motions,  seem  to  show  that  it  is  at  least  worthy  of 
acceptance  as  a  preliminary  hypothesis. 

These  hypotheses  being  accepted,  a  study  of  Kapteyn's 
paper  leads  to  the  following  interesting  result. 

If  we  have  given  the  law  of  distribution  in  magnitude  of 
the  linear  motions  of  the  stars,  that  is  to  say,  a  table  or 
expression  showing  for  every  degree  of  speed  the  proba- 
bility that  a  star  selected  at  random  will  move  with  that 
speed  —  if  also,  we  know  the  thickness  of  the  stars  in 
space  —  then  we  can  determine,  with  only  accidental  errors, 
the  number  of  stars  in  the  sky  having  apparent  proper 
motions  of  any  and  every  magnitude. 

In  the  present  investigation  I  make  a  preliminary  attem  [it 
to  do  this. 

§2. 

To  make  clear  the  way  of  proceeding,  we  begin  with 
some  considerations  on  the  problem  of  distribution  of  acci- 
dental linear  motions. 

First,  as  to  the  general  problem  of  the  distribution  of 
velocities.  We  may  represent  the  absolute  speed  of  a  star 
both  in  quantity  and  direction,  by  a  vector  drawn  in  space 
from  a  fixed  origin  in  the  direction  of  the  motion.  The  po- 
sition of  the  end  of  the  vector,  a  point  in  space,  will  then 
completely  represent  the  motion.  The  three  rectangular 
coordinates  of  each  point  will  then  represent  the  three 
components    of    the    speed    of   the    star,    resolved    in    the 

(165) 
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direct!.  txes.     We  may  then  consider  the  statisti- 

cal distribution  of 

I    i    components  of  the  speed  as  projected  on  an] 

one  a- 

(/J)     The  projections  of  the  velocities  or  veetors  on  a 
plane,  or  the  two-coordinate  distribul 

The  lengths  of  the  vectors  themselves,  or  the  three- 
mi  ion. 
Motions  in  the  line  of  sighl   and  proper  motions  in  one 
aate,  reduced  to   linear  measure,  belong  to  class  a : 
proper    motions    on    a    great   circle,  similarly    reduced,  to 
class  /J. 

Funda  properties  of  the  distribution,  based  both 

on  observation  ami  the  reason  of  the  case,  are, 

1.  The    vector-points    are    equally    thick    in   differenl 

...  distances  from  the  origin. 

2.  This    thickness    is    a    maximum    at,   the    origin,  ami 
varies  continuously  from  tin'  origin  in  every  direction. 

li  follows  that  within  a  small  sphere  arouud  the  origin. 
the  projections  of  class  a  will  be  equally  distributed  along 
any  axis.  The  number  of  projections  of  class  fi  lying  be- 
tween  two  such  limits  as  r  and  r+dr  will  be  of  the 
form  Mr.  1/  being  a  function  which  varies  but  slowly  for 
The  number  of  projections  of  class  y 
a  the  same  limits  will  be  of  the  form  Mr3 

The  method  of  pro< ding  in  defining  the  actual  law  of 

distribution  is  necessarily  tentative.  We  have  to  assume 
a  law, and  then  correel  it  by  repeated  approximations  until 
we  find  an  agreement  with  observation.  The  simplest  as- 
on  to  start  from  is  the  usual  exponential  law  of 
errors,  according  to  which  the  number  of  projections  on 
any  one  axis  having  a  value  between  the  limits  x  and  .<•  +</.< 
would  be  proportional  to  the  quantity 


-  i/.r 


./  being  a  constant  modulus. 

in  this  follows  that  if  the  motions  are  projected  on  a 
plane,  the  number  having  a  value  between  ./•  and  x+dx  is 
proportional  to 

i- 
xe~  >■-  da 

b   being  a  simple  function  of  a.      The  number   of    actual 
motions  in  space  will  be  proportional  to  a  quantity  of  the 

x*e   ■ '  dx 

There   can    be   no   serious  doubt   that   the    slower   mo- 
tions follow  this  law  of  distribution.       But  it    is    readily 
shown  that,  assigning  any  admissible  value  to  the  constant 
i   rapid  motions  as  those  of  Groombridge  1830  and 


Arrfuriis  exceed  the  limits  of  reasonable  probability.  More- 
over, we  shall  sec  in  the  course  of  the  present  discussion 
that,  if  we  ignore  these  rapid  motions  as  exceptional,  the 
number  of  large  apparent  proper  motions  given  by  our 
theory  will  tall  far  short  of  the  actual  number. 

Were  measures  of  motions  in  the  line  of  sight  sufficiently 
numerous — were  they  counted  by  thousands  instead  of  by- 
hundreds —  our  method  of  proceeding  would  be  to  start 
from  the  distribution  «,  given  by  these  measures,  and  from 
it  derive  the  distributions  fi  and  y.  In  any  case  this  would 
be  the  method  to  be  followed  in  developing  the  logical 
theory;  that  is  to  say.  the  distribution  a  should  be  taken 
as  the  base  of  the  theory,  and  from  it  the  others  should  be 
derived.  Kai'TKY.n  has.  however,  taken  the  distribution  \i 
as  the  hasie  one.  doubtless  for  the  very  good  reason  that  he 
has  shown  how  this  can  be  derived  at  once  from  the  ob- 
served parallactic  angles  of  the  proper  motions,  that  is. 
the  angle  which  the  direction  of  the  proper  motion  makes 
with  the  great  circle  through  the  star  and  the  solar  apex. 

In  the  absence  of  sufficient  data  our  method  must  be  ten- 
tative. WTe  have  two  quantities  to  adjust  to  the  obsei  ved 
statistics  of  proper  motions..  One  is  the  star-thickness  in 
space,  the  other  the  number  and  magnitude  of  the  excep- 
tionally rapid  motions. 

The  first  quantity  can  best  be  determined  from  the  meas- 
ured parallaxes  of  the  nearer  stars.  These,  though  probably 
incomplete,  seem  to  indicate  that  the  average  volume  of 
space  containing  a  single  star  is  not  very  different  from 
thai  of  a  sphere  concentric  with  the  sun,  the  parallax  of  a 
point  on  whose  surface  would  be  0".5.  The  sphere  in  ques- 
tion may  be  somewhat  smaller  than  this  ;  but  if  we  assign 
to  its  surface  parallaxes  of  0".6,  0".7,  etc..  we  shall  be  led 
to  numbers  of  undetected  large  parallaxes  which  seem  quite 
inadmissible. 

Deeming  it  unnecessary  to  set  forth  tentative  processes, 
I  now  pass  at  once  to  the  data  which  form  the  basis  of  the 
present  investigation,  and  which  may  be  continually  im- 
proved as  farther  data  become  available. 

§3. 

Adopted  units.  I  take  as  the  unit  of  distance  that  of  a 
star  having  a  parallax  of  1". 

As  the  unit  of  volume  of  space  is  taken  the  volume  of  a 
sphere  of  radius  unity,  that  is,  of  a  sphere  concentric  with 
the  sun,  the  parallax  of  a  point  on  whose  surface  is  1". 

As  the  unit  of  linear  speed  of  a  star  is  taken  a  speed 
which  would  carry  it  from  the  sun  to  the  earth  in  one  year, 
or  about  4.75  km.  per  second.  This  is  the  most  convenient 
unit  in  problems  relating  to  the  motions  of  the  stars  in 
space,  and  its  general  adoption  seems  to  be  desirable. 

That  the  relations  of  these  units  do  not  conform  to  the 
conventional  ones  of  geometry  and  physics  is  no  drawback 
in  the  present  case. 
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Notation  and  formulas.  In  notation  I  follow  Kapteyn, 
putting 

p.,  the  apparent  annual  proper  motion  of  a  star  on  the 
celestial  sphere,  the  effect  of  parallactic  motion  not  being 
eliminated  ; 

in,  this  motion  reduced  to  linear  measure  by  multipli- 
cation by  the  distance  of  the  star ; 

p,   =  — ,  the  distance  of  the  star  (ir  being,  as  usual,  the 

7T 

annual  parallax). 

We  then  have  between  m  and  p.  the  relation 


T  is  put  for  the  star-thickness,  that  is,  the  quotient  of 
the  number  of  stars  contained  in  a  sphere  concentric  with 
the  sun  by  the  volume  of  this  sphere.  From  what  has 
been  already  remarked,  we  may  assume  with  some  proba- 
bility, 

Distribution  of  m.  No  attempt  to  construct  a  formula 
for  this  distribution  would  be  of  any  use  at  present ;  but 
I  have  constructed  a  tabular  one  based  on  the  following 
principles  : 

1.  The  distribution  should  follow  the  exponential  law 
for  moderate  values,  but  assign  a  proportionate  excess  of 
large  values  continually  increasing  with  large  values  of  m. 

2.  The  mean  of  all  the  m's  should  be  equal  to  that  esti- 
mated from  observation.  The  best  estimate  I  can  make, 
based  on  Kafteyx's  investigations  and  Campbell's  meas- 
ures of  radial  motions,  is 

Mean     m  =  6.5 

This  is  greater  than  the  supposed  absolute  mean  motion, 
projected  on  the  sphere,  inconsequence  of  the  solar  motion, 
assumed  to  be  about  4.0. 

It  is  implied  that  m  has  only  integral  values.  We  lose 
nothing  by  replacing  every  value  by  the  nearest  integral 
value. 

When  we  come  to  values  of  m  so  large  that,  occurring 
only  once  in  thousands  of  times,  we  have  no  way  of  esti- 
mating their  number  except  by  the  agreement  of  our  results 
with  statistics  of  the  observed  proper  motions,  it  is  not 
necessary  even  to  indicate  every  integer.  We  may  leave 
gaps  increasing  in  breadth  as  the  value  of  in  increases. 

By  such  tentative  processes  has  been  formed  the  follow- 
ing table. 

In  the  first  column  is  given  a  list  of  all  the  values  which 
it  is  necessary  to  suppose  that  an  in,  selected  at  random, 
may  possibly  have. 

In  the  second  column  p  is  the  supposed  probability  that 
a  star,  selected  at  random  from  space,  will  have  an  in  equal 
to  that  in  the  same  horizontal  line.     For  convenience  the 


quantity  tabulated  is  1000  p,  so  that  the  table  shows  how 
many  stars  out  of  1000  have  each  separate  value  of  m. 

The  products  of  p  by  the  three  first  powers  of  ///,  which 
occupy  the  last  three  columns,  are  of  use  in  the  investi- 
gation. 

The  dropping  of  useless  decimals  in  these  columns  does 
not  seem  to  need  explanation. 

It  will  be  seen  that  the  mean  speed,  Etn/p,  comes  out  a 
little  larger  than  that  assigned.  This  is  legitimate,  because, 
in  the  determination  of  this  mean,  it  happened  that  no  cases 
of  exceptionally  large  motion  were  included. 

Table    of    the  Adopted  Distribution    of    the   Linear 

Speeds  of  Stars,  Relatively  to  the  Sun, 

and  Projected  on  a  Plane. 

m  1000  p  mp  m'-j>  nr'p 

0  5  .00  .0  0 

1  SO  .04  .0  0 

2  66  .13  .3  0 

3  92  .28  .8  3 

4  107  .43  1.7  7 

5  114  .57  2.9  14 

6  112  .67  4.(1  24 

7  103  .72  5.0  35 

8  91  .7:;  5.8  46 

9  75  .68  6.1  55 

10  59  .59  5.9  59 

11  44  .48  5.3  58 

12  32  .38  4.6  55 

13  22  .29  3.7  48 

14  14  .20  2.7  38 

15  9  .14  2.0  30 

16  6  .10  1.5  24 

17  3  .05  0.9  15 

18  2  .04  0.6  11 

19  1  .02  0.4  7 

20  1  .02  0,4  8 
22  1  .02  0.5  10 
25  1  .02  0.6  16 
30  1  .03  0.9  27 
40  1  .04  1.6  64 
50  1  .05  2.5  125 
60  1  .06  3.6  216 


6.78 
§4. 


64.3 


995 


We  now  proceed  with  the  derivation  of  results,  placing 
the  questions  in  the  form  of  problems. 

Problem  I.  To  find  the,  total  number  of  stars  whose 
propter  motions  on  the  celestial  sphere  lie  hetieeen  the  limits 
/a  and  p.  ■+■  dp 

We  suppose  the  stars  classified  according  to  their  values 
of  m.  In  order  that  a  star  of  motion  m  may  have  a  proper 
motion  lying  between  the  assigned  limits,  it  must  lie  be- 
tween the  spheres,  concentric  with  the  sun,  whose  radii 
are 
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and 


//(  //( dp 

dp  = j- 


The  volume  of  space  between  these  spherical  surfaces  is 
r„,  =  3p2Jp  =  3«/s'^ 

f- 

The  entire  number  of  stars  of  all  classes  contained  in 
ace  is 

TVm=  :',r>n>'^ 

The  number  of  these  of  the  class  m  is  found  by  multiply- 
ing this  total  by  the  corresponding  value  of  //.  which  we 
call  />„.      We  therefore  have,  for  this  number, 

,/.Y„      =  3Tm*pm^ 
H- 

The  total  of  all  the  stars  in  question  is  found  by  Slim- 
ming this  expression  for  all  the  values  of  ///.  We  find 
from  the  table 

±-mspm  =  995 

The  number  of  stars  in  question  is  therefore 

dNt  =2985  A 

H- 

From  this  differential  expression  we  have  to  pass  to  the 
number  whose  proper  motion  lies  between  any  assigned 
limits. 

Problem  II.  To  find  the  number  of  stars  whose  proper 
motion  lies  between  the  limits  p  and  p.'. 

This  number  is  equal  to  the  definite  integral 


I 


Tlh~7- 


By  making  p.'  infinite  we  have  the  following  table  of 
the  number  of  proper  motions  exceeding  the  limits  set  in 
tin-  first  column. 


f 

Number 

7'  =  i 

T  =  i 

0° 

5T 

1 

1 

5 

8 

1 

o 

4 

15 

2 

4 

3 

37 

5 

9 

2 

124 

15 

31 

1 

995 

124 

249 

0.5 


roc.o 


995 


I  l»9(i 


In  the  last  two  columns  are  given  the  numbers  for  two 
values  of  T,  of  which  it  seems  to  me  that  the  second,  \,  is 
inadmissibly  large.  Yet,  I  conceive  that  even  these  fall 
short  of  the  actual  number,  though,  except  in  the  lower 
lines,  they  are  not  in  excess  of  the  known  number.  The 
following  considerations  are  here  to  be  adduced. 

1.  Although  we  suppose  the  actual  star-thickness  uni- 
form, this  cannot  be  true  for  the  visible  stars  down  to  any 


given  limit  of  magnitude,  because  stars  of  any  given  abso- 
lute luminosity  will  be  omitted  from  our  catalogues  when 
they  lie  beyond  a  certain  distance.  The  stars  actually 
catalogued  will  therefore  be  thicker  in  our  neighborhood, 
and  thin  out  as  we  recede  from  the  sun. 

2.  From  this  cause,  as  well  as  from  the  incompleteness 
of  our  knowledge  of  the  fainter  stars,  the  number  of  un- 
known proper  motions  must  increase  rapidly  as  they 
diminish    in   amount. 

Problem  III.  To  jin/l  the  distribution  of  the  proper 
motions  of  all  the  stars  which  have  a  given  parallax,  it,  and 
the  mean  of  all  these  proper  motions. 

Since  these  stars  all  lie  at  the  same  distance  their  proper 

motions  will  be  — ,  or  niir.     We  shall  therefore  have,  for 

P 
any  value  of  tt 

Mean  proper  motion  =  6.78  t 

A  table  of  the  distribution  for  any  given  -n  is  formed 
simply  by  multiplying  the  tabular  values  of  m  by  the  given 
tt.     For  example,  out  of  1000  stars  having  a  parallax  0".10 

5  will  have  ap.m.  of  0.0 
36         "  "       "  0.1 

66        "  "      "  0.2 


In  general,  only  1  star  out  of  25  has  a  proper  motion  less 
thou  1.5  of  its  parallax.  Only  1  star  out  of  250  will,  in 
the  space  of  two  years,  be  displaced  by  proper  motion  by  a 
quantity  less  than  its  parallax. 

A  practical  conclusion  is  : 

In  a  parallactic  survey  of  the  heavens  we  may  almost 
confine  our  attention  to  those  stars  which,  on  the  plates, 
show  a  displacement  through  proper  motion. 

Problem  IV.  To  find  the  mean  parallax  of  all  the  stars 
having  a  given  proper  motion. 

We  start  from  the  expression  found  in  treating  Problem 
I  for  the  total  number  of  stars  having  a  given  //.and  m, 
namely, 

dNm  „  =  3Tm*pm  % 

These  stars  have  the  common  parallax 
h 

IT    =    — 

m 

the  product  of  which  into  the  number  is 

wdNm„  =  32W»„-£ 
The  sum  of  these  products  for  all  the  values  of  in  is 


3T^£m'pm 


(«) 
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while  the  total  number  of  the  stars,  as  found  in  Problem  I, 


The  mean  parallax  is  the  quotient  of  (a)  by  (l>)  or 

Mean  w  =  a  v.- -,  -  =  0.064  u 
—  '"/'.,, 

That  is,  if  we  measure  the  parallaxes  of  all  the  stars 
having  a  given  proi  er  motion,  we  may  expect  the  mean 
result  to  be  about  -^  of  the  proper  motion. 

The  preceding  considerations  suggest  the  limitation  of 
any  parallactic  survey  of  the  heavens  to  those  stars  having 
a  discoverable  proper  motion.  I  now  add  another  consider- 
ation bearing  in  the  same  direction,  placing  it  in  the  form 
of  an  example,  which  the  reader  can  readily  modify  to  suit 
any  rase  that  may  arise. 

Let  it  be  granted  that  we  measure  the  parallaxes  of 
100,001)  stars,  each  with  a  probable  error  of  ±0".03.  Then, 
as  a  result  of  these  accidental  errors,  we  shall  have,  from  the 

Maloja,  Engadine,   1902  July  1",. 


measures,  several  thousand  parallaxes  exceeding  0".07,  and 
several  hundred  exceeding  the  limit  0".10  which  have  no 
reality,  but  are  only  errors  of  observation.  These  numbers 
will  far  exceed  the  probable  number  of  stars  within  the 
corresponding  parallactic  limits,  and,  in  consequence,  it 
will  be  impossible  to  separate  the  actual  parallaxes  from 
the  probable  errors. 

From  a  cosmological  point  of  view  perhaps  the  most  im- 
portant conclusion  of  the  present  paper  is  that  which  flows 
from  the  table  of  Problem  II  above,  and  may  be  stated  in 
the  following  form.  The  reason  why  such  great  speeds  as 
those  of  1830  Groombridge  and  Anturus  have  never  been 
observed  with  the  spectroscope  is  that  they  occur  only  once 
in,  perhaps,  a  thousand  times.  Yet,  this  small  probability- 
will  give  100  cases  among  the  100,000  stars  which  lie  near- 
est to  us,  and  these  cases  form  an  important  fraction  of 
the  totality  of  stars  having  a  considerable  proper  motion. 

The  writer  may  be  allowed  to  add  that,  this  investigation 
having  been  made  where  no  astronomical  literature  is 
accessible,  he  is  unable  to  compare  his  results  with  statis- 
tics, and,  in  some  cases,  cannot  state  exact  numerical  data. 


DEFINITIVE    OEM  J  IT 

By  IIEXKY 
The  ninth  comet  of  1S98  was  independently  discovered 
by  Pekrixk  at  the  Lick  Observatory  September  12,  and  by 

Cuofak.'ikt  in  Resancon  on  September  14.  The  coma  was 
round,  with  a  diameter  of  five  minutes  of  arc,  and  con- 
tained a  small  but  definite  nucleus.  By  the  end  of  Sep- 
tember it  was  bright  enough  to  be  faintly  visible  to  the 
naked  eye,  and  showed  traces  of  a  tail.  The  last  observa- 
tion was  made  at  Mt.  Hamilton.  October  Id,  after  which  it 
vanished  in  the  rays  of  the  sun.  Ten  days  later  it  passed 
perihelion,  and  should  have  been  subsequently  visible  in 
the  Southern  hemisphere,  but  no  observations  have  been 
reported.  The  heliocentric  arc  described  during  the  obser- 
vation period  was  forty -nine  degrees. 

The  following  discussion  of  the  observations  is  based 
upon  the  elements  published  by  Berberich  in  A.N.  3524. 
These  elements  are 


io. 

a  1898.0 

S  1S0S.0 

1 

9  34  50.26 

+  31  12  13.5 

2 

9  36  45.64 

30  34  :;;;.<; 

3 

9  47  27. SI 

30     6  42.6 

4 

9  48     7. OS 

29    11   :i7.4 

5 

9  51  34.39 

29  30  25.3 

6 

9  53  56.69 

2'.)  48  20.3 

7 

9  55  23.18 

+  29  15  53.3 

OF   COMET    1898  IX. 

A.   PECK. 

T  =   1S98  Oct.  20.57786  Berlin  M.T. 

co  =  162°  20'  25.5  ) 
Q,  =     34  53  31.6  1 1898.0 
i  =     28  51     1.2  ) 
logy  =  9.6237490 
and  to  these  elements  correspond  the  equatorial  coordinates, 

x   =   9.9827922  r  .  sin  (y  +  283°  45  32'!o3) 

y  =   9.8466526?-.  sin  (v  +  210  40  19.23) 

z   =   9.8827098  r.  sin  (V  4  179  41  34.11) 

logw   =   0.5245042 

The  star  positions  are  mainly  based  upon  the  A.G.  Cata- 
logues of  Graham,  Auwers  and  Becker.  In  combination 
with  these  the  Paris  Catalogue  has  been  used  wherever 
possible.  Single  positions  have  been  modified  by  material 
drawn  from  the  Armagh,  Glasgow,  Radcliff,  Romberg, 
Schjellerup  and  Washington  Catalogues.  Porter's  Cata- 
logues of  proper  motions  have  also  been  used.  The  adopted 
positions  are  as  follows : 


8 

0 

10 

11 

12 
13 
11 


a  1S9S.0 

9  55m  26^51 

9  55  48.27 

9  59  49.3] 

9  59  52  1  i 

0  1     9.36 

0  1  44.77 

0  3  37.89 


8  1S9S.0 

+  2!)'  ie'25^9 
29  0  39.7 
29  13  8.4 
21)  7  59.9 
28  59  25.6 
28  ::2  50.3 

+28  28  56.4 


1.898.0 


8  1S98.0 


10     4  36.90      +28  41  35.4 


i<; 

10     5  4 7. Co- 

28  20  47.0 

17 

lO     7  22.91 

27  55  37.2 

IS 

10  10  26.98 

27  58  28.3 

19 

10  12  20.37 

28     2     3.9 

2d 

10  12  27..7S 

27  55  2S.7 

21 


10  13     2.83      +27  43  28.9 
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-'.'8.0 

8189 

22 

10   I5m26!69 

+  27S 

V2  10.7 

23 

10  17    13.66 

27 

11  33.4 

24 

10   is  24.59 

26 

51   59.7 

25 

L0  23  26.17 

26 

26     9.9 

26 

lit  23  57.15 

26 

12  15.9 

•j  7 

LO  27  38.86 

25 

39     1.7 

28 

LO  28  32.84 

25 

12  41.5 

29 

10  29     1.94 

26 

11    1  1.7 

30 

10  31    16.96 

25 

6   16.2 

31 

10  32  24  86 

26 

11  37.2 

.'  ► '_' 

in  35 

24 

i:;   27.0 

33 

in  36     7.43 

•J  4 

51    15.0 

34 

in  39  30.86 

+24 

I'.i   I'.i.o 

8  1S08.0 


35 

in 

39 

53.24 

+  24 

0  54.1 

36 

in 

10 

6.58 

25 

1    10.4 

37 

in 

in 

53.39 

25 

0  48.4 

38 

in 

1:. 

5.10 

2;; 

56   1  l.i' 

39 

in 

i'.i 

1  HI 

23 

L".i   18.0 

in 

10 

1:1 

59.52 

2.'! 

11'  31.0 

-11 

111 

54 

34.26 

22 

::i  24.4 

42 

10 

56 

30.11 

.... 

.■;:;  17.;; 

i:i 

11 

2 

4.30 

L'l 

42     8.8 

44 

11 

3 

59.08 

21 

33  56.1 

45 

11 

8 

20.1  1 

20 

41    10.2 

16 

11 

9 

11  .",7 

20 

35   [0.4 

17 

11 

12 

3.65 

+  '.'0 

32  36.0 

v.. 

a  1898.0 

IN'.IN.II 

h         1 

g 

t         if 

IS 

MM 

28.19 

+  19 

38   27  2 

l'.» 

11    IT. 

22.86 

19 

:,n  39.2 

50 

11    18 

3.07 

19 

35  38.6 

51 

11    l'.l 

.-,.50 

17 

54    L2.5 

52 

11    22 

20.54 

IS 

28  30.3 

5.'i 

11    25 

'.)  70 

IS 

58   17.1 

5  1 

11   40 

38.84 

15 

35   I'.i.  1 

:,:, 

11    50 

12.. V.I 

14 

1 1     0. 1 

50 

11   56 

0.51 

12 

50  43.9 

57 

11   57 

40.01 

13 

22   :i2.5 

58 

1 2      1 

1.70 

11 

51    .".7.5 

59 

12  29 

9.57 

+   6 

50  41.0 

In  tin'  following  paragraph  are  contained  Ml  the  obser- 

I  have  i 11  able  to  find,  except  one  made  at  Vienna, 

Sept.  is,  and  two  made  at  Bordeaux  on  the  20th  and  21th 
of  the  same  month.  These  three  observations  depend  upon 
stars  that  are  not  given  in  any  Catalogue  that  has  been 
accessible.  The  observations  did  not  seem  of  sufficient 
imporl  ing   any  observatory  to  locate 

the  stars.      I  of  observation  have  been  corrected 


for  aberration.  When  better  results  could  be  obtained  in 
both  coordinates,  T  have  not  hesitated  to  alter  the  hour 
angle  to  allow  for  errors  that  experience  has  shown  readily 
occur.  When  two  or  more  observations  were  made  at  an 
observatory  on  the  same  day,  they  were  compared  separately 
with  the  ephemeris,  but  only  the  mean  appears  here.  For 
such  observations,  therefore,  the  time  of  observation  given 
does  not  strictly  correspond  with  the  coordinates. 


Time 

Sept.  13. 

1  1 
1  I 
15 
1.-,. 
15 
15. 
1.-.. 
15. 
15. 
15. 
15. 
L5. 
10. 
16. 
16 
10 
16 

10 

16 
16 

16 
16 
L6 
16 

1.; 
10 
16 
16 

10 
17 
17 
17 
17 
17 
17 


Place 


app. 


Ja  eos  S 


JS 


* 


,06884 

Ml .  Hamilton 

:i  35 

I'.i. 27 

-0.34 

+  0.07 

+  31     4 

31.0 

+  2.4 

— 

0.7 

1 

04280 

Mt.  Hamilton 

11 

43.84 

.35 

1  u.ii'.i 

30  35 

19.2 

2.8 

— 

1.5 

2 

68338 

Besancon 

45 

38.79 

.30 

+  0.29 

15 

15.4 

3.6 

— 

2.0 

;; 

Mt.  Hamilton 

17 

36.80 

,'15 

-0.07 

4 

56.9 

3.5 

— 

0.'.) 

3 

.62650 

Copenhagen 

51 

25.72 

.24 

-0.30, 

29   44 

30.7 

4.5 

+ 

0.3 

5 

.62668 

.Munich 

26.24 

.29 

+  0.01 

30.0 

4.1 

— 

0,". 

4.5 

.64545 

Strassburg 

33.27 

.29 

+  0.07 

43 

53.2 

4.2 

+ 

o.s 

5.  0 

.65659 

Vienna 

.•;7.:::: 

.30 

+  0.01 

33.3 

3.8 

+ 

2.7 

4 

65870 

Besancon 

38.17 

.30 

+  0.110 

28.3 

4.0 

+ 

2.0 

6 

.671  1''. 

Aii-i-tri 

43.70 

32 

+  0.73 

12 

56.3 

3.5 

— 

4.8 

5,6 

.68265 

Pola 

16.32 

.31 

-0.57 

40.1 

3.3 

+ 

1.4 

5 

68808 

Marseilles 

48.99 

.33 

-0.03 

28.6 

3.5 

— 

5.0 

5 

.70513 

Bordeaux 

55.24 

.32 

-0.00 

41 

51.2 

3.6 

— 

1.3 

4 

.62877 

Utrechl 

57 

38.16 

.25 

-0.15 

10 

0.2 

4.7 

— 

7.1 

S 

.63366 

I  [amburg 

39.99 

.25 

-0.15 

9 

57.7 

4.5 

+ 

0.8 

8 

6381  1 

hagen 

1O.90 

.24 

0.73 

in.:; 

1.7, 

+ 

1.7 

10 

.63973 

Toulo 

12.04 

.31 

+0.13 

58.8 

4.2 

+  14.2 

7 

.01201; 

Pola 

12.85 

.31 

-i  1.0:; 

11.1 

3.9 

+ 

2.3 

8 

64451 

St  rassburg 

1 1.37 

.29 

+  0.11 

;;:,.i 

4.2 

+ 

0.4 

8,11 

.64885 

■on 

16.09 

,",0 

+0.19 

28.4 

4.2 

+ 

3.0 

10 

.66407 

Kremsmun 

51, SO 

.30 

1  0.23 

8 

51.4 

3.8 

— 

2.3 

11 

.66756 

Munich 

5:;. Ill 

.30 

+  0.15 

49.3 

3.9 

— 

1.9 

9 

.0077  1 

\  rcetri 

53.68 

.32 

+  o.r„-, 

10.11 

3.C 

0.0 

8 

.67478 

Liverpool 

55.60 

.20 

+0.08 

30.2 

4.5 

— 

0.1 

11 

68028 

Kiel 

57.50 

.20 

-0.03 

20.2 

4.1 

+ 

1.3 

11 

1  '.amberg 

59.52 

.2'.! 

0,1:; 

2.4 

3.9 

— 

2.9 

8 

.68935 

Teramo 

58 

0.7s 

.33 

-0.19 

7 

55.1 

:;.o 

— 

5.11 

10 

.69177 

Paris 

1.91 

.29 

•  0.22 

56.5 

3.9 

+ 

11. 1 

11 

69740 

1  nr, 

.33 

+  0.05 

39.7 

3.5 

— 

:;.'.» 

10 

.7 ;i 

eaux 

5.38 

.32 

*  0.16 

35.6 

3.7 

— 

0.7 

11 

.ii::-.isl' 

Ml     Hamilton 

lu    11 

11.73 

,".0 

0.10 

28  55 

31   l 

:;.i 

— 

0.9 

12 

.63084 

cht 

:; 

7,2  92 

.27, 

0.07 

:;:: 

55.8 

1.7 

— 

2. :i 

15 

.65526 

I'll 

4 

2.20 

.30 

-0.01 

;,.:, 

1.1 

+ 

0.4 

i:;.  1  1.  15 

66102 

K  rem  -11111: 

1.05 

,",0 

1  0.24 

32 

53.6 

3.9 

+ 

1.0 

13 

'.67475 

Arret  1  i 

10.15 

.32 

1  0.53 

20.0, 

3.6 

— 

1.8 

1  1.  15 

r.67487 

10     4 

9.46 

0.32 

-0.12 

+  2S  .",2 

25.1 

+  3.5 

+ 

2.8 

15 
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Time 

Place 

a  app. 

n 

Ja  cos  8 

8  app. 

n 

J8 

* 

Sept.  17.67524 

Besancon 

10h  4m  9.48 

-0^30 

-o!21 

+28°  32' 23^9 

+  4.0 

+  s.'i 

14 

17.68160 

Padua 

12.10 

.31 

0.00 

8.9 

3.6 

+   1.6 

13,14 

17.68825 

Jena 

14.11 

.28 

-0.41 

31  49.2 

3.9 

-  2.8 

15 

17.69069 

Paris 

15.45 

.30 

-0.04 

44.5 

4.0 

-  2.0 

14 

17.71750 

Bordeaux 

25.60 

.32 

+  0.19 

46.5 

3.5 

-  0.8 

14 

17.93859 

Washington  Naval 

5  48.49 

.35 

+  0.14 

22  38.7 

3.0 

+   6.1 

16 

18.05268 

Mt.  Hamilton 

6  31.43 

.36 

-0.11 

18  16.3 

3.0 

+   1.1 

16 

18.66935 

Arcetri 

10  24.58 

.33 

+  0.64 

27  54  31.9 

3.7 

-   6.6 

19,  20 

18.67016 

Marseilles 

24.10 

.33 

-0.04 

32.1 

3.9 

-  4.2 

20 

18.67400 

Kremsmiinster 

26.03 

.30 

+  0.40 

37.5 

3.8 

+  10.0 

20 

18.67490 

Padua 

25.77 

.32 

-0.15 

24.3 

3.7 

-   1.3 

17,20 

18.68366 

Teramo 

29.37 

.33 

+  0.11 

3.7 

3.4 

-   1.7 

18 

18.72269 

Bordeaux 

44.03 

.32 

+  0.05 

52  30.0 

3.5 

-  4.2 

20 

18.92558 

Washington  Naval 

12     0.60 

.35 

-0.02 

44  42.2 

3.2 

+  3.9 

20 

19.03947 

Mt.  Hamilton 

43.56 

.34 

-0.11 

40     6.1 

3.3 

-   2.7 

21 

19.67281 

Padua 

16  46.41 

.32 

-0.17 

14  46.6 

3.8 

+  2.4 

22 

19.68132 

Toulouse 

46.80 

.31 

-0.02 

32.2 

4.0 

+  9.0 

22 

19.68355 

Besancon 

47.72 

.31 

+  0.04 

18.7 

4.0 

+  0.9 

22 

19.68604 

Strassburg 

48.58 

.30 

-0.02 

13.2 

4.0 

+   1.4 

22 

19.69347 

Teramo 

51.44 

.33 

-0.01 

13  53.2 

3.3 

-   1.0 

22 

19.69534 

Marseilles 

51.98 

.33 

-0.16 

50.1 

3.7 

+   0.8 

22 

19.70381 

Bordeaux 

55.35 

.32 

-0.02 

27.4 

3.8 

-  1.0 

22 

20.05973 

Mt.  Hamilton 

19     8.83 

.36 

+  0.12 

26  59     2.3 

3.1 

-  2.0 

23,24 

20.66413 

Munich 

23     0.77 

.30 

+  0.13 

33  28.3 

4.1 

-  0.5 

25,26 

20.66904 

Arcetri 

3.05 

.33 

+  0.47 

13.9 

3.8 

-   2.7 

25,26 

20.67906 

Padua 

6.15 

.32 

-0.18 

32  47.3 

3.7 

-  3.8 

29 

20.68164 

Besancon 

7.41 

.31 

+  0.08 

43.4 

4.1 

-   0.7 

25 

21.04009 

Mt.  Hamilton 

25  24.10 

.36 

-0.05 

17  19.7 

3.4 

-  2.3 

25 

21.67717 

Strassburg 

29  27.91 

.30 

+  0.12 

25  49  24.0 

4.2 

-   1.4 

27,  31 

21.68754 

Bescamjon 

31.98 

.31 

+  0.27 

48  59.8 

4.1 

+  2.0 

27 

21.69092 

Marseilles 

32.79 

.33 

-0.21 

52.1 

3.9 

+  3.1 

27 

21.69943 

Arcetri 

36.63 

.32 

+  0.32 

24.5 

3.6 

-   1.2 

27,28 

21.71122 

Greenwich 

40.48 

.28 

-0.21 

57.8 

4.3 

+  3.5 

27,31 

21.71297 

Liverpool 

41.77 

.27 

+  0.32 

47  48.6 

4.4 

-   1.0 

27 

22.69070 

Rome 

35  56.77 

.33 

+  0.16 

3  21.9 

3.6 

-   2.5 

37 

22.69224 

Besancon 

57.12 

.31 

-0.03 

19.7 

4.1 

0.0 

33 

22.69285 

Teramo 

57.51 

.33 

+  0.09 

19.0 

3.4 

+  0.4 

36 

22.71323 

Bordeaux 

36     5.76 

.32 

+  0.48 

21.3 

3.9 

-  0.1 

30 

23.03778 

Mt.  Hamilton 

38  13.79 

.36 

-0.03 

14.2 

3.5 

-    1.4 

32,34 

23.69304 

Besancon 

42  22.51 

.31 

+  0.06 

24  15  55.1 

4.2 

-   1.7 

35 

23.71616 

Bordeaux 

31.22 

.32 

-0.14 

14  46.8 

4.0 

-  3.3 

35 

23.94293 

Washington  Naval 

5S.79 

.35 

-0.05 

3  47.3 

3.6 

-   2.6 

38 

24.66847 

Strassburg 

48  39.12 

.29 

+  0.11 

23  27  50.4 

4.5 

-  4.8 

39 

24.66942 

Arcetri 

39.76 

.33 

+  0.35 

39,40 

24.67344 

Teramo 

40.79 

.33 

-0.15 

36^6 

3.9 

-   4.2 

39 

24.68439 

Besancon 

44.91 

.30 

-0.23 

6.9 

4.3 

-  0.5 

39 

25.67202 

Kremsmiinster 

55     7.72 

.30 

+  0.28 

22  36  37.3 

4.4 

+   1.2 

41 

25.68271 

Munich 

11.67 

.30 

+  0.11 

0.7 

4.3 

-  2.0 

41,42 

25.68284 

Arcetri 

12.64 

.33 

+  0.95 

35  58.9 

4.0 

-  3.5 

41,42 

25.69045 

Besancon 

14.54 

.31 

-0.01 

38.5 

4.3 

+  0.1 

41 

25.70709 

Liverpool 

19.59 

.26 

+  0.23 

34  59.2 

4.8 

+  0.4 

41 

26.67116 

Kremsmiinster 

11     1  35.41 

.30 

+  0.50 

21  43  32.4 

4.4 

—  2.2 

43 

26.67257 

Strassburg 

35.39 

.29 

-0.01 

27.3 

4.6 

2.7 

43 

26.69396 

Munich 

43.55 

.30 

-0.15 

42  20.1 

4.0 

-  1.0 

43 

26.69668 

Utrecht 

44.85 

.25 

+  0.04 

12.2 

5.1 

+   3.0 

43 

26.70669 

Besancon 

48.44 

.30 

-0.18 

41  36.1 

4.1 

-  4.4 

43 

27.06355 

Mt.  Hamilton 

4     7.23 

.36 

-0.03 

21  10.8 

3.5 

-  4.0 

44 

27.69648 

Rome 

8  13.75 

.33 

+  0.58 

20  47  11.4 

3.8 

+   0.3 

45 

27.93261 

Washington  Naval 

9  45.98 

.33 

+  0.06 

33  39.2 

3.8 

-15.3 

46 

28.06352 

Mt.  Hamilton 

10  35.86 

.36 

+  0.02 

26  27.2 

3.5 

-  3.3 

47 

28.70148 

Teramo 

11  14  44.00 

-0.33 

+  0.04 

+  19  50  55.4 

+  3.9 

-  2.2 

48 
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Time 

Place 

a  app. 

n 

JttOOS  8 

8  app. 

TJ 

JS 

* 

Sopt.2S.7H39 

Bordeaux 

i 
11 

1 1" 

IS.  11 

_o!s2 

+  o*;;i 

+  19°  19   1S°0 

+  4.3 

-    l.o 

49 

28.72497 

Besancon 

.-..■i.ul 

.30 

—0.0] 

is  31.2 

1.2 

-  .".1 

49 

28.94200 

Washington  Vi\  a  1 

16 

17.17 

.:::. 

n.:;  1 

;::,  58.2 

:;.7 

+    0.1 

48 

29.06482 

Mt.  Hamilton 

17 

5.25 

.36 

-0.08 

28   11.1 

3.6 

-  6.3 

50 

29.70876 

■  lit 

21 

L6.06 

.27 

+  0.1  1 

is  50  33.1 

l.s 

-  5.4 

53 

29.71993 

Besai 

20.19 

.30 

-0.09 

r.i  7.0.1' 

4.3 

-  2.8 

53 

29.92199 

Washin  jton  tfai  aJ 

.,., 

U.25 

.35 

(+2.12) 

7,2 

Mi.  Hamilton 

23 

35  69 

.36 

-0.17 

20    3.5 

4.6 

+   1.1 

52 

30.71090 

Teramo 

•  >- 

46.27 

.:::; 

+  0.07 

17  19  r.s.r, 

3.9 

+   2.8 

51 

Oct.     2.72010 

Utrecht 

in 

is. :is 

.26 

+  0.29 

17.  42     6.6 

4.6 

-   2.8 

54 

t.07193 

Hamilton 

in 

35.17 

.:;.", 

-0.08 

11   12    5.9 

3.8 

-   7.1 

55 

1.68713 

\  ienna 

53 

:;  1.75 

.29 

+0.03 

57 

5.07827 

Mt.  Hamilton 

;,i ; 

7.:;1 

.:;.-, 

+  0.24 

13     3     3.5 

3.8 

-   S.7 

56 

6.0771] 

Mi.  Hamilton 

12 

2 

35.98 

.35 

+  0.1  1 

11  7.1'  7,1.:; 

3.8 

'.i.2 

58 

10.08362 

Mt.  Hamilton 

12 

28 

35.11 

-0.35 

+  0.27. 

+  c,  :,:,  25.4 

+3.9 

—  12.2 

59 

In  general  the  observations  have  been  given  the  weight 
unity.  In  a  number  of  cases,  however,  where  the  residual 
has  departed  too  sharply  from  the  mean  of  those  in  the 
immediate  vicinity,  the  weight  has  been  diminished.     The 


observations,  whose  residuals  are  enclosed  in  parentheses, 
have  been  disregarded  in  forming  the  normal  places.  These 
normal  places  are 


Sept.  16.5 
20.5 
27.7, 

Oct.      6.0 


a  app. 
•./'  .-,<;'"  1(7  C_'S 

10  21   54.199 

11  6  53.018 

12  2     2.186 


Ja  cos  8 

+  0/22 
+  0.26 
+  0.63 
+  1.04 


8  app. 

+  29°14  7,'.i.:;| 
•jo  in  17.95 
20  58  30.83 

+  11  58  46.70 


J8 

-0/20 

-ii.7,ii 
-2.13 

-S.I  HI 


Ja  COS  8 


While  under  the  conditions  of  the  present  problem  it 
might  almost  seem  an  over  refinement,  the  perturbations 
by  Jupiter  and  Saturn  were  computed,  and  the  following 
corrections  added  to  the  normal  places,  the  osculation  being 
ut  perihelion  : 

The    coefficients   of   the    Equations  of    Condition  were  formed  by  Sciionfeld's  method,  and  are 
logarithms.     These  equations  are 

<9e 
+  9.6571o>A-   -9.7676 A- V2'> 7'  +0.02412*2    -8.38789A   -9.45359v  -9.0349-^ 9.2305   =   0 


-0.05 

.01 
.01' 

-0.01 


J8 

+  0.07, 
.01 

.02 
+  0.01 


9.61  l'.' 

9.7873 

'.'.7,1  S  7, 

9.8120 

9.3933 

9.8316 

9.2007 

+9.5396 

9.2496 

9.6153 

9.2987 

9.7282 

9.3209 

9.8321 

9.9879 
9.8956 
9.7082 
9.5862 
9.6265 
9.6437 
9.5507 


7.1243 
+8.7579 

9.1586 
-8.6489 

7.3129 
4  8.8386 

9.1422 


9.4866 

0.  107  1 
9.4071 
-0.71  10 
9.6750 

',1.7,7s  1 

!).:;:ios 


9.1065 

9.1  105 

9.0457 

+  9.264  I 

0.207,1' 
9.2411 
9.1259 


9.3424 
9.7853 

0.0128 

+  0.1701 

9.6628 

0.3243 

o.ooi'.-, 


fiven  by  their 

Weight 

36.0 

32.3 
23.2 

6.0 
38.8 
33.2 
24.7 

5.0 


To  render  the  equations  more  homogeneous,  the  followin 

3k    =   0.7,0  is  u 

k-JzdT  =  9.4543  v 

dq   =  0.107s  „• 


substitutions  were  made  : 

d\  =  0.4523  a; 
dv   =  9.4910  y 

^  =  9.9412  * 


Log.  of  unit  of  residuals  =  8.1  180 


The  Normal  Equations  are 


+0.4070«       0.5180t>  +0.4091  w   +8.5933*  -9.5SI7//       0.4035*   -9.8475 


-0.5180 

+0.4091 

r-8.5933 

9.5847 

0.4035 


*  0.6619 

-0.5180 

9.0871 

'.i  L083 

+  0.7,712 


0.5180 
0.4118 
-8.9800 
9.5919 
0.4054 


0.HS7I 

\    S   M.SIIH 

+  0.01  IS 

9.3625 
9.471  I 


9.1083 

-0.7,010 
-9.3625 
+  0.4638 
-0.1164 


+0.5742 
0.4054 
-9.4714 
-0.1  L64 
+0.5585 


-0.1298 

9.8122 

+  0.0639 

-9.7141 

+0.0417 


N°  525 


THE     ASTRONOMICAL     JOURNAL, 


173 


A  preliminary  solution  of  these  equations  as  they  stand 
produces  a  value  of  .--•  indicating  a  hyperbola  with  eccen- 
tricity 1.00012.  As  might  be  expected  from  the  brevity  of 
the  time  of  observation,  the  theoretical  weight  of  this  solu- 
tion is  so  small  that  the  probable  error  is  several  times  the 
value  of  the  variable.  The  solution  also  reveals  the  fact 
that  the  coefficient  of  w  becomes  very  small  in  the  reduced 
equations,  thus  introducing  an  element  of  considerable  un- 
certainty in  the  value  of  the  perihelion  distance.  An  in- 
spection of  the  normals  shows  the  entire  series  of  coefficients 
of  ><  and  "•  to  be  nearly  commensurable.  For  these  reasons 
it  was  thought  best  to  express  the  remaining  variables  as 
functions  of  w  and  z,  with  the  result  that 

log  u   =  -0.2954  -0.0484  «■  +  9.6000  s 

log  v  =  -0.2307  -8.9315  -9.711':'. 

log  x  =  -9.5105  -8.2071  +8.9027 

log  y   =  -9.2663  -S.2643  +9.6861 

Substituting  these  values  in  the  original  equations  of  con- 
dition the  residuals  are 


+  0.22 


r.4287«>   +7.9724.- 


-0.19 

+7.2828 

-7.9184 

-0.19 

+7.5400 

-8.0655 

+  0.38 

-7.9764 

-7.8942 

-0.43 

+  6.9615 

-7.1741 

+  11.34 

-7.oi'47 

+  7.440S 

+  (i.75 

-7.2481 

+  7.5184 

_•>  7" 

+  7.01M7 

-8.2819 

where  the  coefficients  of  ;'•  and  z  are  given  by  their  loga- 
rithms. If  w  and  z  are  each  made  equal  to  zero,  the  prob- 
able error  of  an  equation  of  condition  whose  weight  is 
unity  becomes  ±  2". 75,  .and  the  probable  errors  of  the  other 
variables  are  well  within  their  limits. 

Multiplying  each  of  the  above  residuals  by  the  square 
root  of  the  weight  previously  assigned  to  the  correspond- 
ing equation,  and  at  the  same  time  making  the  substitutions 


1.6345 


=   1.2495  n 


there  results  from  a  least-square  solution 

logm   =    -0.5238   +  9.8639  n 

and  introducing  the   correction  to   the  assumed  parabolic 
eccentricity  in  the  place  of  the  variable  n  the  residuals  are 


-0.17 

-7.4228  -de 

+  0.08 

+  7.4467 

+  0.31 

+  7.4964 

-0.98 

+  8.1494 

-0.30 

-5.8724 

+  0.19 

-6.7030 

+  0.49 

-5.9578 

-1.51 

+  7.3S36 

When     <?e  =  0     the  probable  error  of  the  unit  equation 
becomes    ±1".43.     The   value  of    de    which   most   nearly 

Syracuse   University,  1902  Sept.  25. 


satisfies  the  residuals  is  +30".2,  which  corresponds  to  a 
hyperbola  with  eccentricity  1.00015.  Substituting  this 
value  the  final  residuals  are 

-o".25  -0^30 

+  0.17  +0.17 

+  0.41  +0.49 

-0.56  -1.43 

On  comparing  these  residuals  with  those  obtained  on  the 
supposition  that  de  =  0  it  is  seen  that  no  improvement 
has  taken  place  if  we  except  the  final  places  in  both  co- 
ordinates. Even  here  the  change  in  declination  is  almost 
insignificant.  The  probable  error  of  a  unit  equation  only 
drops  from  ±  1".43  to  ±  1".29.  We  are  therefore  compelled 
to  conclude  that  the  observations  do  not  show  any  definite 
departure  of  the  orbit  from  the  parabolic  form. 

The  relations  between  the  variables  yield  the  following 
numerical  values: 


log  it- 

=    -2.1583 

log  II 

=    +2.0992 

log  V 

=    -1.2675 

log  X 

-    -0.5401 

log  .'/ 

=    -9.S144 

ch  follows  : 

di   =    -    2.79 

dT  = 

-0^001050 

9Q   =    -19.53 

r>log?   = 

-0.000113 

9  a,  =    +63.25 

Adding  these  corrections  to  the  original  elements,  and 
computing  the  probable  errors  the  definitive  elements  are 


T  =   1898  Oct.  20.576810  ±0.000262  B.M.T. 
1898.0 


w   =   162  21  28.75    ±13.17  1 
&   =     34  53  12.07    ±   5.41  - 
i  =     28  50  58.41    ±   0.73  ) 
yq   =  9.623  6353         ±0.0000305 


To  which  corresponds  the  equatorial  coordinates, 

x  =   9.9827979?-.  sin  (y  +  283°  46  17^42) 

y  =  9.8466416/-.  sin 0  +  210  40  56.91) 

z   =  9.8827103/-.  sin  (i>  +  179  42  28.55) 

logw    =   0.5246747 

On  comparing  the  normal  places  with  positions  computed 
from  these  elements,  the  residuals  are 

Ja  J  8 


-0.14 

-0.36 

+  0.12 

+  0.16 

+  0.33 

+  0.48 

-1.05 

-1.55 

The  close  agreement  with  the  results  obtained  by  substi- 
tuting in  the  equations  of  condition  proves  the  numerical 
accuracy  of  the  work. 


171 


THE     ASTRONOMICAL     JOURNAL. 


N°-  525 


OBSERVATION   OF   COMET  b  1902  (pebbine), 

Bi    E.   E.   B  \i:\ai;d. 

T!i met  has  a  fairly  well  defined  nucleus  of  about  the 

11  tli  magnitude.     The  head  is  large,  '■>    I   diameter,  with  a 

brushing  out  of  the  nebulosity  in  the  direction  of   about 

■    i   9      ■       ail  ade. 

The  obsi  re  made  through  a   \  erj  I  hici  skj . 

ii  passing  clouds,  and  the  cornel  was  faint,  but  the 

measures  «  ere  satisfactory . 


Measured    la  =  254".92  (10  obs.). 

Two  sets  of    /,)  « ere  secured. 


1st  set 

2d    ..'i 


13  13  50       -3   is '.i  I 
13  32  4!)       -2  58.81 


(5  obs.) 

(6  obs.  I 


From  these  the    IS  at  time  of    la  is  obtained. 


Observation  ok  Perrine's  Comet,  />  1902. 

slow  >.i  G.M.T.  C  Ja  J8  a  app.  ci  app. 

Sept.  2,  L902  1 .;" -_'4"V|  10-11  |  +0™ 20*85  |  -3  s'.n  |  3  1o'"l  L08  |  4-35  21   36.1 

Comparison-Star  for  1902.0. 
Red.  to  Red.  to 

R.A.  app.  place  Decl.         app.  place  Authority 

31'l5m49.21  1  +  4A12  |  +35° 24  42^9  |  +l".2  |  Lund  A.G.C.  1731 

The  measures  were  made  with  the  large  telescope.     The  time  is  6h  0m  0s  slow  of  G.M.T. 

Terkes  Ubserx-atory,    Williams  Bay,    Wis.,  1902  Sept.  3. 


EPHEMERIS    OF    COMET   b  1902, 

(From  A.X.  3S17,  by  Nijlaxd,  for  Berlin  midnight.) 


Oct  16 

IS 

16 

21 

+  16  30.5 

17 

9 

55 

11  9.1 

IS 

18 

4 

7 

11  58.9 

19 

17 

58 

52 

9  59.1 

20 

7.1 

6 

8  S.9 

21 

49 

43 

6  27.3 

22 

45 

41 

1  53.6 

23 

41 

56 

3  26.9 

L'l 

38 

26 

2  6.7 

25 

35 

11 

+  0  52.1 

26 

32 

7 

-0  17.2 

27 

29 

12 

1  22.0 

28 

26 

25 

2  22.0 

29 

23 

11 

:;  19.4 

30 

21 

10 

1  12.0 

31 

L8 

39 

5  3.5 

Nov.  1 

L6 

13 

5  51.3 

•  ' 

13 

49 

6  36.6 

:; 

11 

26 

7  19.8 

4 

9 

5 

8  1.0 

5 

17 

6 

11 

-S  10.4 

9.7294 


9.8029 


'.i  S09S 


9.92SS 


9.9806 


13.0 


10.9 


9.6 


8.9 


6 

17 

4 

22 

-  9  18.1 

7 

17 

2 

0 

9  54.5 

8 

10 

59 

36 

10  29.7 

9 

57 

10 

11  3.6 

10 

54 

41 

11  36.6 

11 

52 

S 

12  8.6 

12 

49 

32 

12  39.9 

13 

46 

53 

13  10.5 

14 

44 

8 

13  40.6 

15 

41 

19 

14  10.1 

16 

38 

25 

14  39.2 

17 

35 

25 

15  7.9 

IS 

32 

20 

ir»  36.3 

19 

29 

10 

16  4.4 

20 

25 

55 

16  32.3 

21 

22 

37 

17  (LI 

22 

19 

14 

17  27.7 

2:; 

15 

49 

17  55.1 

24 

12 

22 

18  22.3 

25 

16 

8 

53 

-18  49.4 

1 1. oi'.-,; 


0.0643 


11.0903 


0.1210 


0.137 


9.0 


9.6 


10.5 


III 


11.5 


Unit  of  brightness  Sept.  6  (about  7M.5t. 
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TERRESTRIAL   REFRACTION  AND   THE   TRIGONOMETRICAL   MEASUREMENT 

OF   HEIGHTS, 

By  WILLIAM   HARKNESS. 

A-'Cand  k"C  being  respectively  the  terrestrial  refractions 
at  the  stations  A  and  B. 


Although  no  great  change  can  be  expected  in  our  present 
theories  respecting  the  trigonometrical  measurement  of 
heights,  yet  it  is  hoped  that  the  following  paper  embodies 
some  progress,  especially  in  that  part  of  the  subject  which 
relates  to  terrestrial  refraction. 

I. — Mathematical  Theory  of  Trigonometrical 
Leveling. 

Let  A  be  the  lower  station,  B  the  upper  station,  and  C 
the  intersection  of  their  verticals  near  the  center  of  the 
Earth.  Strictly  speaking,  the  verticals  AC  and  BC  do 
not  generally  lie  in  the  same  plane,  and  therefore  cannot 
intersect  at  all,  but  for  our  present 
purpose  it  is  usual  to  assume  that 
they  do,  and  the  error  introduced  by 
that  assumption  is  evanescent.  Fur- 
ther, let  £'  be  the  observed  zenith- 
distance  of  B  as  seen  from  A,  £"  the 
observed  zenith-distance  of  A  as  seen 
from  B,  s  the  length  of  the  line 
joining  A  and  B,  measured  at  the 
sea  level,  R  the  radius  of  curvature 
of  the  Earth  at  the  middle  of  that 
line,  and  h'  and  h"  the  respective 
altitudes  of  A  and  B  above  the  sea 
level.  Then  in  the  triangle  ABC 
we  have 
B  +  h'  BC  =  E  +  h" 
R  +  h"  ::  sin  />'  :  sin  A 


AC 

R  +  h' 
and  by  putting     h"  - 
sin  A 


h'  =  Ah 
R  +  h" 


sin  B        R  +  h' 


=  1  + 


Jh 

I!  r  /, ' 


whence 
(1) 


Jk^(R+h>)i5^4-ll 

'  (  sm  B  ) 

in  which  R  is  given  by  formula  (16),  and 
\  A  =  180°-  V-  &'C 


(2) 


X 


B  =  180°- £"-  k"C 


Formula  (1)  is  the  fundamental  expression  for  the  trigo- 
nometrical computation  of  heights,  but  unfortunately  the 
base  which  it  involves  is  so  long  that  ten-figure  logarithms 
are  required  to  yield  an  accurate  result.  To  avoid  their 
use  (1)  is  usually  expanded  into  a  series,  of  which  there 
are  many  different  forms  ;  but  a  better  result  can  be  at- 
tained by  a  proper  selection  of  the  zero  point  of  the 
angle  A. 

Referring  to  the  figure,  let  the  distance  CA  be  set  off 
from  C  to  D  upon  the  side  CB.  Then  the  triangle  A  CD 
will  be  isoceles,  and  after  putting 

<BAD  =  A'     ,     <ADB  =  C 
we  shall  have 

<  ABC  =  DAC  =  1(180°-  C)  \ 

C  =  s  /  R  arc  1" 

A'  =  A  +  jrC-90° 
O  =  90°+  £C 

and  the  triangle  ADB  will  give 

sm  B 

But  AI)  is  the  chord  of  the  arc  AD,  while  the  corre- 
sponding arc  at  sea  level  is  s,  and  therefore 

Arc  AD:  si:  chord  AD  :  chord  s  ::  R  +  h'  :  R 

whence 

'R+h1 


(3) 


(*) 


chord  AD  =  chord  s 


R 


Again, 
chords  =  2-Ksin^C  =  2R 


=   s     1 


L'4/.' 


2R      -ISR* 

and  by  substituting  in  (4)  the  values  of  chord  s  and  chord 
.//'  from  ((3)  and  (5),  we  obtain 

sin  A'  ( 


Ah 


sini*\        2\R\ 


(7) 
(175) 
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In  computing.///  it  will   usually  be  more  convenii 

j  the  observed  value  of  £'  or  f"  rather  than  the  de- 
rived angles  A'  and  /•':  and  1>\  substituting  the  values  of 
the  latter  from  (2)  and  comes 


(S) 


Ah  =  s 


■       - 
.    ■      C-C) 


or,  if  £ 


.//<  = 


cos(t" +  k''C-jC 
siu  (£'  +  k"C) 


1- 


1- 


s2        A' 

21  /;- +  i; 


h ' 
■i  i  ir  +  /,• 


The  term  ',  /A'  n  the  effect  of  the  altitude  of  the 

:.  and  although  it  is  usually  small,  it  cannot  be 

in  precise   work.     Conversely,  the  term 

multiplied  by  s2/24.Rs  is  so  insignificant  that  in  it  we  may 

employ  the  mean  value  of  R.  viz.  3963.1  miles  [see  formula 

and  lake 

(10)  log (1/24 A'-i  =- [3.97846-20] ft.  =  [5.0104§-20]meters 

For  differences  of  altitude  not  exceeding  2500feeta  very 
simple  and  convenient  formula  for  dh  can  be  derived  by 
expanding  (8),  and  rejecting  all  terms  above  the  second 
order.     Proceeding  in  that  way 

_  C{\  - /■•')]     cos £' cos[ (?(*-&')]+  sin tj sin[ C(£-&')] 
_C(l-/fe')]  -  sin  f'cos[  C(l  -A-'j]  -cos  f'sin[  C(l  -  A')] 

whence,  with  sufficient  accuracy 

(ID 

sin  .J'      cosg'      l  +  [C(*-*0]tant' 

ihT/7  -  sinl'  X  l-[C(l-/fc')]cotr  -  C°U  +(  (^     *  ' 

(12)  arc  C  =  s/R 

the  substitution  of  (11)  and  (12)  for  the  equivalent  quanti- 
ties in  (7)  gives 


(13) 


dh  =  s  cotC  +    .,  {}, 


■  k) 


where  J  indicates  either  £'  or  J",   /.'  indicates  either  /.■'  or  /.•", 

and  the  formula  is  accurate  to  aboul  i  pari  in  3,000       \- 

the  first  term  is  either  positive  or  negative  according  as  £ 
ss  or  greater  than  90°.  and  thi  nil  is  always 

e,  careful  attention  must  be  given  to  the 


(14) 


IB  =  Q 


>r  constant  over  large  country, 

and  if  these  iin  man}  points  ti i  zenith 

distam  red,    their   reduction    may  be 

in  the  form 


To   find   the   radius  of  curvature  of  the  Earth  at  the 
stal ions,  we  have 


li  =  a(l+£e2  sin'qp— e2  cos2q  cos2«) 


(16) 


win-re  a  is  the  equatorial  semi-diameter  of  the  Earth,  e  the 
eccentricity  =  V(a'-— />-)/",  c/  the  mean  latitude  of  the 
stal  ions,  and  a  the  azimuth  of  the  line  joining  the  stations, 
counted  from  the  south  around  by  the  west,  as  usual. 

All  the  accuracy  afforded  by  (10)  is  required  when  s  is 
large,  but  when  it  is  small  we  may  frequently  disregard  a, 
and  use  the  mean  cur\  at  are  of  the  Earth  due  to  the  latitude 
of  the  stations.  In  such  cases  ■§■  must  be  substituted  for 
COS2 a,  and  then  (l(i)  takes  the  very  convenient  form 

R  —  fl(l  —  A-e2)  +  ae2  sin2  qp  (17) 

whence,  with  a  =  3903.1  miles,  and  e  =  0.081  553 


R  =  3949.9  +  20.30  sin'-ir  miles 


(18) 


II.  —  Terrestrial  Refraction-. 
Owing  to  the  confused  distribution  of  heat  in  the  lower 
strata  of  the  Earth's  atmosphere,  it  is  difficult  to  determine 
the  data  necessary  for  the  exact  computation  of  the  in- 
stantaneous coefficient  of  terrestrial  refraction,  and  that 
constitutes  the  principal  reason  why  trigonometrical  meas- 
urements of  heights  are  inferior  to  spirit  levelings.  The 
method  ordinarily  pursued  is  to  make  simultaneous  re- 
ciprocal observations  of  the  zenith-distances  of  the  two 
stations  —  that  is,  B  is  observed  from  A  at  the  same  time 
that  A  is  observed  from  B  —  and  then  to  assume  that  the 
total  refraction  is  kC  at  each  station;  k  being  the  co- 
efficient of  terrestrial  refraction.  From  as  large  a  number 
of  such  observations  as  possible,  the  mean  value  of  k  is 
derived,  and  that  is  used  throughout  the  region  in  which 
it  was  determined.  The  mathematical  theory  of  the  pro- 
cess is  as  follows  : 


A  =  180°-£'—kC 
B  =  180° -C'-kC 
A  +  B  =  300° -(£'  +  £")- 2/.' C 
A+B+C  =  180° 

-C  =  180° -(£'  +  £")- -A'' 
kC  =--  90°- £(£'+-£")  +  £<? 
Sard" 


k=  |  + 


[180° -(£'  +  £")] 


(19) 
(20) 


(21) 
(22) 


L5 


dh  =  s  cot  (+>.>■■<■ 


In  effect  this  amounts  to  determining  the  value  of  k  for 
a  mean  state  of  the  atmosphere,  .and  as  we  know  that  k  is 
a  fund  ion  of  the  density  of  the  air,  it  is  not  clear  win  that 
fact  should  be  ignored.  Normally  the  refraction  at  the 
lower  tati  n  exi  eed  I  ha1  a1  the  upper  by  a  term  of  the 
second  order,  whose  exact  form  has  nowr  been  demon- 
i;  but  a  little  stud]  "l   the  problem  shows  that  the 
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mean  value  of  the  coefficient  of  terrestrial  refraction  can  be 
satisfactorily  represented  by  an  expression  of  the  form 

(23)  k  =  E+Fd 

where  E  and  F  are  coefficients  to  be  determined  from  obser- 
vation, and  d  is  the  density  of  the  air.  Let  quantities  per- 
taining to  the  lower  and  upper  stations  be  distinguished 
respectively  by  one  and  two  accents,  while  those  without 
accent  refer  indifferently  to  either  station.  Then,  by  put- 
ting 

k'  =  E+Fd'     ,     k"  =  E  +  Fd" 

we  get  for  our  second  order  term 

(24)  ia-'-k")  =  Jk  =  bF(d'-d") 
whence 

k  +  .lk  =  k  +  iF(,/'-d") 

Jk   =    k-JrF^/'-d") 


(25)     j 

k'  =  k  +  .lk 
k"  =  k-Jk 

where 

(26) 

d' 

B' 

l  +  a(t'-t0) 

d"  = 


B" 


l  +  a(t"-f„\ 


while  B'  and  B",  and  t'  and  t"  are  respectively  the  readings 
of  the  barometer  and  thermometer  at  the  two  stations  ; 
t0  =  50°  Fah.,  is  the  standard  temperature  at  which  all 
densities  are  measured,  and  a  =  0.002  039,  is  the  coefficient, 
for  one  degree  Fahrenheit,  of  the  volume  expansion  of  air 
under  constant  pressure.  The  substitution  of  the  numeri- 
cal values  of  a  and  t0  in  (2G)  gives,  for  the  Fahrenheit  ther- 
mometer and  a  barometer  graduated  to  English  inches, 


(27)    d  = 


B 


B 


1  +0.002  039  (if— r0)         0.89805  +  0.002  039  t 


and  for  the  centigrade  thermometer  and  a  barometer  grad- 
uated to  millimeters 

B 


(28) 


d 


24.4(58  +  0.093  22* 


We  have  next  to  derive  the  numerical  values  of  E  and  F 
from  observation,  and  for  that  purpose  theory  provides  at 
least  three  different  methods  ;  as  follows  : 

1st  Method. — At  any  pair  of  stations  whose  difference 
of  altitude  has  been  determined  by  spirit  leveling,  the 
values  of  k'  and  k"  can  be  found  independently  of  any 
theory  of  terrestrial  refraction  ;  and  then  we  have  from  (23) 


(29) 


E 


d'k"-d"k> 
d'—d" 


k'-k" 
d'-d" 


.',/  Method. —  Let  the  true  difference  of  level  between 
any  two  stations  be  Ah,  and  upon  the  assumption  that  the 
refraction  is  the  same  at  the  upper  and  lower  stations,  let 
the  computed  difference  of  level  between  the  same  stations 


be     ///'.     Then,   from    (25),  we   shall   have  with  sufficient 
accuracy 

Jh  =  Jh'-hF{d'-d")  Cs  arc  1"  (30) 

Again,  by  putting  H1+x1  and  H»  +  x„  respectively  for  the 
true  altitudes  of  the  lower  and  upper  stations,  we  have 

Jh  =  (H„-H1)  +  x„-xi  (31) 

and  the  subtraction  of  (30)  from  (31)  gives 

0  =  (jB"2— W1—Jhl)  +  x2-x1+i F(d'^-d")  Cs  arc  1"  (32) 

Then,  in  the  adjustment  of  any  net  of  trigonometrical 
levels,  each  pair  of  stations  will  furnish  an  observation- 
equation  of  the  form  (32),  and  the  solution  of  these  equa- 
tions by  the  method  of  least-squares  will  give  the  value  of 
F  along  with  the  corrections  x1}  x„,  etc.,  to  the  assumed 
heights  of  the  several  stations. 

3d  Method. — In  accordance  with  (23),  every  observed 
value  of  /.•  will  furnish  an  observation-equation  of  the  form 


0  =  -k  +  E+Fd 


(33) 


where  d  is  the  mean  of  the  observed  densities  of  the  air  at 
the  upper  and  lower  stations  ;  and  from  a  sufficient  number 
of  such  equations,  having  an  adequate  range  in  altitude, 
the  values  of  E  and  F  can  be  found  by  the  method  of 
least-squares. 

For  the  numerical  determination  of  the  values  of  the 
constants  in  the  preceding  formulas,  the  Annual  Reports  of 
the  U.S.  Coast  and  Geodetic  Survey,  and  the  magnificent 
volume  entitled  "The  Trans-continental  Triangulation  and 
the  American  Arc  of  Parallel,"  published  by  the  Coast  and 
Geodetic  Survey  in  1900,  are  the  only  sources  within  my 
knowledge  from  which  the  requisite  data  can  be  obtained. 

For  the  first  method  of  determining  E  and  F,  by  formula 
(29),  no  suitable  data  are  available.  The  nearest  approach 
to  such  data  are  found  in  the  experimental  observations  on 
the  lines  Bodega  Head  to  Ross  Mountain,  Cal.,  (Coast 
Survey  Report,  1876,  Appendix  16,  pp.  342  and  346),  and 
Martinez  East  to  Mt.  Diablo,  Cal.,  (Coast  Survey  Report, 
1883,  Appendix  12,  pp.  293-304),  which  give  respectively 
the  following  results  for  the  day  minimum, 


k  =  +0.1619-0.001'  I35d 
k  =  -0.2416  +  0.01174,/ 


(34) 
(35) 


but  these  results  are  worthless,  because  the  relative  values 
of  7.-'  and  k"  are  falsified  by  the  circumstance  that  one  end 
of  each  of  the  lines  is  in  a  sea  coast  climate,  while  the  other 
end  is  in  a  climate  largely  inland. 

For  the  second  method  of  determining  F,  by  equation 
(32),  the  most  suitable  portion  of  the  trans-continental  tri- 
angulation is  that  across  the  Sacramento  and  San  Joaquin 
valleys,  Cal.,  where  the  heights  of  the  stations  range  from 
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.;i  to  LO    -  .uid  the  lengths  of  the  lines  from  28  to 

117  miles,      r  ration-equations  were  selected, 

ring  five  unknowns,  and  theii    lolution  bj  the  method 


(36) 


F  =   +0.001  61 3  ±0.000  11.-. 


hut  that  result  is  vitiated  by  the  climate  being  partlj  sea 

'.anil. 

The  next  most  available  pari  of  tin-  triangulation  is  that 

in  tin  3  .  where  nine  observation-equations 

;  five  imkiinw us.  ami  then  solution 

od  of  leasl  -squan 


•  915  bO.000583 


but  although  the  heights  of  tie  stations  are  great,  ranging 
from  ;i7>7  I  to  12 100  feet,  and  tin-  line-,  are  long,  ranging 
64  to  1  18  miles,  the  differences  of  level  are  compara 
lively  small,  ami  therefore  the  resulting  value  of  F  has 
little  weight. 

For  the  third  method  of  determining  K  ami  F,  by  equa- 
tion (33),  the  who  i  itinental  triangulation  is  avail- 
able, but  to  avoid  excessive  labor  onlj  pari  of  it  has  been 
employed.  Thi  lata  ad  lallj  u  ei  in  bhe  group  of  obser- 
vation-equations (38)  is  as  follows: 

I       firsl  equation  is  from  the  mean  of  24   lines  in  tie' 
primary  triangulation  of  northern  Georgia,  for  which  the 
ige  value  of  B  =  71.">.(>mm  =  28.174in-  (Coast   Survey 
Report.  1876,  A.ppendix  IS.  p.  .",71  \. 

The  second  equation  is  from  observations  of  the  day 
minimum  at  Ragged  Mountain,  Ale.,  where  /•'  =  I's.oo.s111 
and  t  =  64.5'  1".  (Coast  Survey  Report,  L876,  Appendix  17, 
p.  361  ,. 

Tie-   seven    remaining  equations  are   from   70    lines  in 

ingulation  between   Tike's  Teak,  Colo.,  and 

Round  'I'"']'.  Cal. ;  each   equation   being  the  mean  often 

consecutive  lines,  arranged  in  the  order  oi   the  den   itj  "I 

the  air  ("Trans-continental  Triangulation."  pp.  329.-332). 

OBSl   1        '.in,       ]  .,,,1    ATIn\v 

/,',   ('(,11111.  B 

0.0716  *  1  /.    1  '.Ms/'    0.0728      +0.0012 

+  11' 
17 
38 

+  2 


• 


+  27.85 

71M 

643  + 1 

•  23.04 

626 

CI  1+1 

+  22.03 

cut; 

.",7.-,  h  1 

-'  2i  l  5  1 

7>7  7 

572  •  1 

•  20.19 

.,71) 

564  M 

+  19.76 

561 

•  19.17 

550 

.,oo+  1 

+  18.35 

0.0534 

-  3 

+  I 

1-0.0034 


While    these    equations    are    very    strong    for    densities 
betweei     '  •  i  23.0 1   incl  ire  weak  foi    want 

i|  inches.     The  re 


0  =  -  0.5469  I      '.>.< >(>/•: 

-12.3070  +  199.11      +4510.09.2 


0  =  -0.003  r>8+     0.2011s/-; 
0  =  -0.-.-07  7    +10.V1L-/' 


log  /■:  =  8.23207  K  =  +0.01 7  00-1  ±0.003  154 

log  F  =  7.207.07  /•'  =  +0.001  975±0.000  1  I  I 

k  =  +0.017  06+0.001  97..  d±  o.ooi'  564 


(39) 


(40) 


The  value  id'  /,  given  in  (40)  is  the  mean  for  the  summer 
day-minimum  in  the  neighborhood  of  latitude  39°,  through- 
out the  interior  el'  the  United  Stales,  and  as  it  is  believed 
to  be  the  best  result  which  can  be  obtained  from  the  data 
now  available,  it  is  accepted  provisionally.  The  probable 
error  attributed  to  it  is  that  which  results  from  a  compari- 
son of  the  computed  values  of  /('  with  the  observed  values 
on  the  70  lines  of  the  trans-continental  triangulation  used 
in  the  observation-equations  (38). 

The  investigations  of  the  U.S.  Coast  and  Geodetic  Sur- 
\  ,\  >h,iw  ( ••  Trans-continental  Triangulation."  pp.  27S-1-256), 
that  the  daily  course  of  the  coefficient  of  refraction  consists 
of  a  day-minimum,  usually  lasting  with  little  change  from 
about  10  a.m.  until  4  p.m.,  a  night^maximum  lasting  with 
more  or  less  unsteadiness  from  9  or  10  p.m.  until  sunrise, 
and  the  junction  lines  uniting  the  maximum  and  minimum. 
The  latter  are  of  little  importance  because  observations  are 
best  made  while  the  refraction  is  most  steady,  preferably 
during  the  day-minimum. 

Having  thus  obtained  a  provisional  formula  for  the  day- 
minimum  of  the  refraction,  we  have  next  to  determine  the 
corresponding  night-maximum,  for  which  unfortunately 
very  little  data  exists.  Indeed,  the  only  available  night 
observations  seem  to  be  those  made  at  the  Coast  Survey 
experimental  stations,  Ragged  Mountain,  Me. ;  Martinez 
East  to  Mt.  Diablo,  Cal. ;  and  Jackson  T.utte  to  Round  Top, 
( !al.  1  Coast  Survey  Reports,  1876,  p.  361,  and  1883,  pp.  293- 
304,  and  •'Trans-continental  Triangulation,''  pp.  286-292). 

Table(41  1. — Experimental  Determination  of  the  Ratio 

OF  THE   NlGHT-M  AM  Ml    M    OF  A'    I'd    1111',    DAY-MINIMUM. 


Stations 

h 

a 

/ 
Night 

Day 

Martinez  East 
Ragged  .Mt. 
Jackson  Butte 
\lt.  Diablo 
Round  Top 

57 
397 

711 
117." 
."171 

in. 

30.22 
28.42 
20. OS 
26.58 
20.97 

0.1391 
0995 
.0789 
.0884 

0.0635 

o.l  ii  17. 
.0720 
.0655 
.0653 

0.0523 

1.331 
1.375 
1.205 
1.354 

1.217) 

Mean   =   1.296 

From  them  we  gel  the  data  exhibited  in  table  (41),  where 
;  I,,-  firsl  and  second  columns  give  respectively  i  In-  names  of 
and  their  heights  in  meters  above  the  sea  level  : 
tii,-  third  column  gi\es  the  density  of  the  air  I'm-  the  night 
observations,  to  winch  the  day  observations  are  reduced; 
the  fourth  and  fifth  columns  give  respective!]  the  valuei  ol  ,'. 
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for  the  night-maximum  and  the  day-minimum,  and  the  sixth 
column  gives  the  quotient  of  the  night  values  divided  by 
the  day  values. 

According  to  these  data,  the  mean  ratio  of  the  night- 
maximum  to  the  day-minimum  is  1.296,  and  by  multiplying 
the  value  of  k  in  (40)  by  that  quantity,  we  get  provisionally 
for  the  mean  value  of  the  night-maximum  in  the  inland 
summer  climate  of  the  United  States, 


(42) 


k  =  +0.022 11  +  0.002  560  d±  0.003  323 


We  have  next  to  investigate  the  peculiar  sea-coast  climate 
of  California,  which  extends  far  beyond  the  limits  of  the 
triangulation  under  consideration  ;  but  unfortunately  many 
of  the  coast  stations  north  of  San  Francisco  are  lost  to  that 
work  because  no  meteorological  observations  were  made  at 
them.  Among  the  remaining  stations  only  16  lines  are 
available,  viz.:  In  series  C,  Ross  Mt.  to  Tamalpais,  Diablo 
to  Yolo  Base  S.E.,  Mocho  to  Tamalpais,  Helena  to  Diablo, 
Helena  to  Tamalpais,  Diablo  to  Ross  Mt.  ;  in  series  /.'.  Mo- 
cho to  Diablo,  Diablo  to  Sierra  Morena,  Tamalpais  to  S. 
Morena,  Mocho  to  S.  Morena,  Diablo  to  Loma  Prieta,  Loma 
Prieta  to  S.  Morena;  in  series  F,  Helena  to  Lola,  Helena 
to  Round  Top,  Diablo  to  Lola,  and  Diablo  to  Round  Top 
(" Trans-continental  Triangulation,"  pp.276  -77.  302  and 
.".i  19).  Dividing  these  lines  into  two  groups,  and  prefixing  the 
two  groups  of  experimental  observations  made  respectively 
at  Bodega  Head  and  Martinez  East,  Cal.,  we  have  the  four 
observation-equations, 


fc,  Corap. 

V 

0.0899  + 1^+  29.57  F 

0.09643 

+  0.00653 

.1017  +  1     +29.28 

9538 

-        632 

.0854  +  1     +26.20 

8420 

-        120 

0.0762  +  1     +24.33 

0.07741 

+  0.00121 

i 
I 


The  resulting  normal  equations  are 


0  = 


(44) 
whence 


(45) 


-0.3532+     4.00.6" 

-9.7275  +  109.38   +3010.09  F 


0  =   +0.000  275  +  0.025  3712 

0  =    +0.002  532      O.O'.IN/-' 

log  E  =  8.0350m         F  =  -0.010840 
log  F=  7.5595  ^=+0.003627 


and  for  the  day-minimum  of  the  coast  climate, 


(46) 


k  =  -0.010S4  +  0.003627<7±0.ooi'31 


The  probable  error  here  assigned  to  k  has  been  found  by 
comparing  the  computed  values  of  the  latter  with  the  ob- 
served values  in  the  16  lines  employed  in  the  observation- 
equations  (43),  and  it  will  not  escape  notice  that  all 
the  weights  of  both  E  and  F  are  small  in  the  normal- 
equations,  the  probable  error  of  k  is  nearly  the  same  as  in 
(40).     However,  that  was  to  be  expected,  because  both  for 


(40)  and  (46)  the  probable  error  in  question  is  simply  the 
accidental  variation  between  the  mean  value  of  k  and  the 
value  actually  existing  at  any  given  moment. 

To  obtain  an  approximation  to  the  mean  night-maximum 
of  k  for  the  sea-coast  climate  of  California,  we  multiply 
(46)  by  the  factor  1.296,  from  table  (41),  and  find 


k  =  -0.01405  +  0.004  700(7  +  0.002  99 


(47) 


As  we  pass  inward  from  the  ocean,  the  sea-coast  climate 
of  California  is  gradually  converted  into  the  inland  climate, 
but  the  transformation  is  not  complete  until  the  crest  of 
the  Sierra  Nevada  is  reached.  On  the  coast  the  climate 
is  purely  oceanic  ;  at  the  Sierra  Nevada  it  is  purely  inland  ; 
and  if  we  assume  that  the  change  from  one  to  the  other  is 
proportional  to  the  distance  from  the  ocean,  then  by  putting 
k'  and  k"  respectively  for  the  coast  and  inland  values  of  the 
coefficient  of  refraction,  and  S  and  s  respectively  for  the 
distance  from  the  coast  to  the  Sierra  Nevada,  and  from  the 
coast  to  the  point  where  /.'  is  required,  we  shall  have 


*-^+"? -*->-*•> 


(48) 


All  atmospheric  retraction,  whether  astronomic  or  ter- 
restrial, is  due  to  the  same  cause  and  subject  to  a  common 
theory.  Its  factors  are  four  in  number;  viz.:  the  density 
of  the  air,  the  status  of  the  successive  layers  of  the  atmos- 
phere, which  are  normally  concentric,  and  the  elevation 
and  length  of  the  path  of  the  ray.  The  density  of  the  air 
is  readily  ascertained  by  means  of  the  barometer  and  ther- 
mometer, and  the  action  of  the  layers  upon  rays  passing 
completely  through  the  atmosphere  at  elevations  exceeding 
ten  degrees  presents  no  serious  difficulty.  For  all  such 
cases  the  total  refraction  can  therefore  be  computed  with 
extreme  accuracy ;  but  below  that  altitude  the  problem 
rapidly  increases  in  complexity.  The  status  of  the  layers, 
which  is  involved  in  the  quantity  fc,  then  becomes  of  prime 
importance,  and  at  the  Same  time  very  difficult  to  determine 
satisfactorily.  As  it  is  certainly  variable  in  space  as  well 
as  in  time,  it  may  not  be  the  same  at  two  trigonometrical 
stations  some  miles  apart;  and  yet  the  only  method  of 
determining  k  heretofore  employed  rests  upon  the  assump- 
tion that  all  the  conditions  are  identical  at  such  a  pair  of 
stations.  The  consequence  of  that  faulty  assumption  is 
that  the  resulting  value  of  the  refraction  does  not  apply 
strictly  at  either  station,  and  the  altitudes  computed  respec- 
tively from  day  and  night  observations  do  not  agree. 
Fortunately,  these  difficulties  are  considerably  ameliorated 
li\  the  theory  developed  in  the  present  paper,  which  takes 
strict  account  of  the  effect  of  changes  of  atmospheric  den- 
sity, but  it  does  not  seem  possible  to  deal  generally  with 
the  status  of  the  layers  otherwise  than  by  average  values. 

Just  at  the  outer  limit  of  the  Earth's  atmosphere  the  fcei 
restrial   retraction   must  be  identical  with  the  astronomic 
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refraction,  and  consequently  the  one  maj  d    1 1 

■  her  n  hen  i  be  instantani  i  of  the  al  mosphere 

the  observii  n    is   known.     Designating  the 

Latter  quantity  by  the  symbol  x,  it   may  be  derived  with 

sufficiei      i  from  the  barometrical  formula  for  the 

measuremenl  of  heights  bj  writing 

19      x  =  log  B  X  60  159  ft.  =  log  B  X  11.3938  miles 

where  B  is  the  reading  of  the  barometer  in  English  inches 
at  the  observing  station,  at  the  instant  Cor  which  x  is 
red. 
Next,  in  the  right-angled  triangle  formed  by  the  vertical 
line  passing  from  the  observer  to  the  center  of  the  Earth, 
the  horizontal  line  passing  from  the  observer  to  the  outer 
limit  of  the  atmosphere,  and  the  line  joining  the  latter 
point  with  the  Earth's  center,  let  A' be  the  length  of  the 
tirst  an  ength  of  the  second,  and  B  +  x 

the  length  of  the  hypothenuse.     Then  we  shall  have 

(50)  ss  =  2Bx  +  .>■■ 

and  for  the  angle  at  the  center  of  curvature,  after  putting 
tan  C"l  C"  =  n 

(51)  tan  C"  =  n  C"  =  s  /  B 

Next,  with   m   for  the  numerical  coefficient  in  (49),  and 
the  value  of  s  from  (50),  we  have  with  sufficient  accuracy 


C" 


nB 


nB 


(52)         ™  =    1 


m  log  Ii\ 


x  \    Un-B 
±B)>l\2x- 


-J 


\i; 


!)h 


7/ 


log  B 


which,  with  nt  =  11.3938  miles,  R  =  its  mean  value,  viz.: 
3963.1  miles,  aud  log  tan  C"  =  8.965000,  whence  log  n 
=  4.686801-10,  gives 

1    _  [5.80651 +  0.000  005  (30in-B)- 10] 

C*  - 


(53) 


V  log  I> 

where  C"  is  expressed  in  seconds  of  arc,  and  the  quantity 
within  the  square  brackets  is  the  logarithm  of  the  number 
which  it  represents. 

Then  with  r.  for  the  astronomical  refraction  at  a  zenith- 
distance  of  90°,  we  have  at  the  outer  limit  of  the  atmos- 
phere 

(54)  r0  =  A;C" 

e,  by  substituting  the  value  of  1/C"  from  (53) 

V(log  B 
and  th  i    found  the  coefficienl  of  terrestrial  n  frac 

tion  in   terms  ol  omical  refraction  at   the  point 


where  the  observations  are  made.  This  ought  to  arrest 
attention,  because  it  seems  to  afford  a  new  means  of  elimi- 
nating systematic  errors,  and  thereby  increasing  the 
accuracy  of  trigonometrical  leveling.  Heretofore  the  fun- 
damental difficulty  with  thai  method  has  been  that  while  /,• 
is  in  genera]  different  at  the  two  stations,  the  value  given 
li\  the  observations  was  a  mean  which  did  not  apply 
strictly  at  either  station  ;  but  formula  (55)  suggests  a  way 
of  avoiding  that  source  of  error  completely  by  determining 
the  refraction  at  the  very  spot  where  it  is  required.  The 
procedure  will  be  as  follows  ; 

Let  the  time  of  transit  of  some  celestial  body  be  observed 
across  the  horizontal  wire  of  a  carefully  adjusted  engineer's 
level,  and  at  the  same  instant  let  the  zenith-distance  of  the 
station  whose  lh  is  required  be  measured  with  any  suitable 
instrument.  Then,  from  the  latitude  of  the  station,  the 
observed  time  of  transit,  and  the  right-ascension  and  decli- 
nation of  the  celestial  body,  the  true  zenith-distance  of  the 
latter  at  the  instant  of  its  observed  transit  can  be  found, 
and  that  zenith-distance,  less  90°,  will  be  the  value  of  r0 ; 
whence  (55)  immediately  gives  the  exact  value  of  k.  The 
Sun  will  usually  be  the  most  convenient  celestial  body  to 
observe,  and  probably  observations  made  near  sunrise  will 
be  preferable  to  those  made  near  sunset. 

It  may  be  asked  why  the  astronomical  refraction  is  taken 
at  90°  zenith-distance  in  (54)  and  (55).  The  answer  is, 
because  the  lower  strata  of  the  atmosphere  lie  in  contact 
with  the  Earth's  surface,  and  consequently  any  line  of 
sight  joining  two  points  on  that  surface  must  hold  sub- 
stantially the  same  relations  to  these  strata  as  is  held  by  a 
horizontal  line  passing  to  a  celestial  body.  Possibly  (49) 
may  be  so  far  inexact  that  the  numerical  coefficient  of  (55) 
can  be  improved  by  comparing  values  of  k  got  from  that 
expression  with  those  given  by  simultaneous  reciprocal 
zenith-distances. 

If  we  substitute  in  (55)  Akgelander's  mean  value  of 
the  astronomical  refraction  at  90°  zenith-distance,  together 
with  his  mean  values  of  the  pressure  and  temperature,  viz.  : 
r0  =  33'  51"  =  2031",  B  =  30.001"-,  t  =  50°  F.,  we  shall 
get 

[5.8065-10]  2031" 


K 


=  0.1070 


(56) 


which  slightly  exceeds  the  night-maximum  for  temperate 
land  climates  given  by  (42),  viz.,  0.0989;  but  it  cannot  be 
affirmed  that  (56)  is  the  absolute  maximum,  because,  while 
most  of  the  derangements  to  which  the  layers  are  subject 
tend  to  diminish  /,-.  it  is  possible  to  imagine  some  which 
will  increase  it.  Experience  shows  that  for  an  atmospheric 
density  of  30  inches,  at  a  temperature  of  50°  F.,  the  usual 
values  are,  for  the  day-minimum  in  an  inland  temperate 
climate,  about  0.0763;  and  for  the  night-maximum  in  the 
sea-coast  climate  of  California,  about  0.1270, 
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III.  —  Desiderata. 

1.  On  the  California  coast  the  ocean  climate  penetrates 
far  inland,  but  the  observations  at  Ragged  Mountain,  Me., 
seem  to  indicate  that  such  is  not  the  case  there.  Further 
investigation  is  needed  to  show  whether  the  conditions  in 
Maine  are  exceptional,  or  whether  the  inland  climate  ex- 
tends quite  up  to  the  sea  shore  all  along  the  Atlantic  coast. 

2.  More  observations  of  the  day-minimum  of  k.  at 
atmospheric  densities  ranging  from  23  to  30  inches,  are 
much  needed  in  the  interior  summer  climate  of  the  United 
States  for  combination  with  the  observation-equations  (38), 
in  order  to  strengthen  formula  (40). 

3.  As  the  heights  of  mountains  and  headlands  are 
frequently  measured  from  ships  at  sea,  a  better  knowledge 
of  the  mean  value  of  k  for  lines  passing  wholly  over  the 
ocean  is  greatly  needed.  Suitable  experimental  lines,  from 
the  main  land  to  outlying  islands,  could  readily  be  selected 
both  on  the  Atlantic  and  Pacific  coasts. 

4.  An  experimental  investigation  of  the  value  of  k  over 
country  covered  by  ice  or  snow  would  be  extremely  inter- 
esting from  a  scientific  point  of  view,  because  of  the  light 
it  would  be  likely  to  throw  on  the  general  theory  of  terres- 
trial refraction.  During  the  New  England  winter  the 
region  surrounding  Mount  Washington,  N.H.,  would  afford 
a  convenient  field  for  such  an  investigation. 

5.  Five  lines  of  the  Trans-continental  Triangulation,  in 
the  region  Holcolm  Hills,  Holt,  Square  Bluffs.  Cramer 
Gulch,  Big  Springs,  Colo.,  pass  very  near  the  surface  of 
the  earth  throughout  large  portions  of  their  length,  and 
give  abnormally  small  values  of  k.  The  theoretical  expla- 
nation seems  to  be  that  the  temperature  of  the  air  in  the 
neighborhood  of  the  ground  is  nearly  constant,  and  there- 
fore the  density  of  the  air  in  the  path  of  the  ray  remains 
almost  uniform.  Probably  k  is  always  diminished  under 
such  circumstances,  and  in  extreme  cases  it  may  be  reduced 
to  as  little  as  one-fifth  of  its  normal  value;  but  further  in- 
vestigation is  needed  before  any  final  conclusion  can  be 
formulated. 

(i.  Our  present  knowledge  of  the  relation  between  the 
day-minimum  and  night-maximum  of  k  is  very  unsatisfac- 
tory, and  to  improve  it  more  hourly  observations  are  needed. 
The  latter  should  be  made  in  series,  each  extending  over  a 
period  of  two  or  three  weeks. 

7.  It  is  exceedingly  desirable  that  the  degree  of  accuracy 
with  which  k  can  be  determined  from  (55)  should  be  in- 
vestigated at  every  available  opportunity. 

IV.  —  Practical  Conclusions. 

1.  A  comparison  of  formulas  (40)  and  (46),  or  of  (42) 
ami  (47),  shows  at  once  that  the  values  of  E  and  Fare  in- 
fluenced by  something  else  besides  the  density  of  the  air. 
and  there  can  be  little  doubt  that  that  something  is  the 
status  of  the  atmospheric  layers  through  which  the  visual 


rays  pass.  It  constitutes  the  great  obstacle  to  the  forma- 
tion of  a  rigorous  theory  of  terrestrial  refraction,  and  there 
is  apparently  no  general  method  of  dealing  with  it,  excepl 
that  of  averages.  In  extreme  cases  we  may  be  warned  of 
the  existence  of  abnormal  refraction  by  abnormal  relations 
between  the  temperatures  at  the  upper  and  lower  stations, 
but  even  then  we  cannot  predict  its  amount,  and  the  differ- 
ence between  the  mean  and  instantaneous  values  of  the 
refraction  remains  in  effect  an  accidental  error.  The  mean 
value  can  be  determined  from  readings  of  the  barometer 
and  thermometer,  but  the  instantaneous  value  can  be  found 
only  by  actually  observing  its  amount. 

As  the  observation-equations  (38)  span  the  American 
continent,  they  show  pretty  clearly  that  ordinary  variations 
in  topography  and  surface  cultivation  hardly  affect  the 
mean  value  of  A-;  whence  it  may  be  fairly  inferred  that  the 
status  of  the  layers  is  tolerably  uniform  over  all  land 
surfaces  in  temperate  climates.  Furthermore,  if  the  con- 
ditions which  determine  the  mean  value  of  A-  are  substantially 
uniform  over  the  land,  it  would  seem  that  they  must  be 
even  more  uniform  over  the  sea ;  and  thus  we  are  led  to 
the  conclusion  that  probably  only  two  great  types  of  ter- 
restrial refraction  exist,  viz.  :  a  land  type  and  a  sea  type. 
If  so,  the  former  must  be  represented  by  formulas  (40)  and 
(42),  and  the  latter  by  formulas  (4G)  and  (47).  Over  land 
covered  by  ice  and  snow,  the  radiation  must  be  so  much 
reduced  that  the  refraction  probably  approximates  to  the 
sea  type. 

2.  The  density  of  the  air  is  just  as  important  in  the 
determination  of  terrestrial  refraction  as  in  that  of  astro- 
nomic refraction,  and  readings  of  the  barometer  and  ther- 
mometer should  never  be  omitted  in  measuring  zenith- 
distances  for  the  trigonometrical  determination  of  heights. 

3.  It  seems  probable  that  simultaneous  reciprocal  zenith- 
distances,  reduced  by  means  of  the  formula  (25),  constitute 
the  most  accurate  method  of  determining  terrestrial  refrac- 
tion ;  and  if  so,  eleven  quantities  are  required  for  the  best 
possible  trigonometrical  determination  of  J//,  viz.  :  the 
zenith-distance,  readings  of  the  barometer  and  thermome- 
ter, and  latitude  at  each  station,  together  with  the  distance 
between  the  stations,  the  azimuth  from  one  to  the  other, 
and  the  altitude  of  one  of  them. 

4.  When  it  is  impossible  to  observe  simultaneous  recip- 
rocal zenith-distances,  the  method  of  formula  to-"'  i  will 
probably  be  the  next  best  way  of  determining  the  refraction. 
As  yet  we  have  no  experience  with  it,  but  it  seems  to 
promise  excellent  results,  particularly  in  the  measurement 
of  inaccessible  mountain  peaks,  where  present  methods 
leave  the  refraction  very  uncertain. 

5.  On  account  of  the  enormous  expense  of  occupying 
many  trigonometrical  stations  at  once,  tin'  method  of  non- 
simultaneous  reciprocal  zenith-distances  will  doubtless  con- 
tinue to   be   used    in    the  future,  as  it  has  been  in  the  past; 
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bul  the  results  will  always  be  uncertain,  and  probably 
much  inferior  to  I  linable  by  the  method  of  form- 

ula (5 

6      I  i  ij  land  obsei  \  al  ion  j,  if  no  direcl  determi- 

ne thi  besl  course  will 
'rom  the  readings  "I  the  barometer  and 
thermometer  whet  th-distance  was  observed,  and 

then  to  find  tii [responding  value  of  ft  from  formula  (40) 

=  Table  III.  In  such  eases  the  reduction  of  the  observa- 
tions may  very  properly  be  effected  by  means  of  formula 
(15);  the  small  terms  neglected  in  it  being  of  the  same 
order  as  the  uncertainty  in  the  mean  refraction. 

7.  Altitudes  measured  from  ships  at  sea  should  In'  re- 
duced 1>\  means  of  formula  (15),  with  the  mean  refraction 
given  by  formula  |  16). 

S.  Tables  I.  11  and  III  have  liecu  computed  respectively 
by  means  of  formulas  i  IT  >.  i  I'S !  and  (40).  The  values  of  A; 
m  Table  III  are  for  the  summer  day-minimum  in  the 
borhood  of  latitude  39°  throughout  the  interior  of  the 
I  lited  Stati  -  .  but,  for  reasons  already  stated,  it  is  highly 
probable  thai  they  will  answer  for  all  temperate  land- 
climates  anywhere  in  the  world. 

Table  I.  foe  Computing  the  Density  of  the  Air  from 

Readings  of  a  Fahrenheit  Thermometer  and  a 

Barometer Gradi  ited  to  English  Inches. 

Log  d  =  Log  B  +  Log  M. 


1 

log  M 

t 

log  M 

t 

log  M 

t 

Log  U 

25 

0.0227 

15 

0.0045 

65 

9.9869 

85 

9.9700 

26 

218 

16 

036 

66 

SCO 

86 

692 

27 

209 

47 

027 

67 

852 

87 

684 

28 

L99 

is 

018 

68 

843 

88 

675 

29 

190 

19 

009 

69 

835 

89 

01 17 

30 

0.0181 

50 

0.0000 

70 

9.9826 

90 

9.9659 

31 

172 

51 

9.9991 

71 

818 

91 

651 

32 

L63 

52 

982 

72 

809 

92 

6  13 

33 

154 

53 

974 

73 

801 

93 

o:;i 

.".1 

145 

54 

965 

74 

792 

94 

626 

35 

0.0136 

55 

9.9956 

75 

9.9784 

95 

9.9618 

36 

127 

56 

947 

76 

776 

96 

610 

37 

118 

57 

938 

77 

767 

97 

602 

38 

108 

58 

930 

78 

759 

98 

594 

39 

099 

59 

921 

79 

750 

99 

586 

40 

90 

60 

9.9912 

80 

9.9742 

Kill 

9.9578 

41 

081 

61 

903 

SI 

734 

101 

;,7ii 

42 

072 

62 

895 

82 

725 

102 

562 

43 

063 

63 

886 

83 

717 

103 

55  1 

44 

1  (5 1 

64 

878 

84 

70S 

10| 

546 

Cab:  i    II,  for  Computing  the  Density  of  the  Aib  from 
Readings  of  \  Centigrade  Thermometer  and  a 

Baros i  Graduated  to  Mii.limi-.ters. 

Log  d  =  Log  B  +  Log  1/. 


t 

log  31 

t 

logJf 

t 

log  M 

t 

log  M 

-5C 

8.6198 

+  7 

8.6000 

+  19 

.5811 

+  30 

8.5644 

4 

SI 

8 

,5984 

20 

8.5795 

31 

29 

3 

64 

9 

68 

21 

80 

32 

14 

2 

IS 

10 

8.5952 

22 

65 

33 

.5600 

-1 

31 

11 

36 

23 

49 

34 

.5585 

0 

8.611  1 

12 

20 

24 

34 

35 

8.5570 

+  1 

.6098 

13 

.5905 

25 

8.5719 

36 

56 

2 

81 

14 

.5SS9 

26 

.5704 

37 

41 

3 

65 

I') 

8.5873 

27 

.5689 

38 

27 

4 

48 

16 

57 

28 

74 

39 

.5512 

5 

8.6032 

17 

42 

+  29 

59 

+  40 

8.5498 

+  6 

16 

+  18 

26 

Table  III. — Mean  Values  of  the  Day-Minimum  of  A-,  to 
the  Argument  d,  in  Temperate  Land  Climates. 


d 

it 

a 

k 

15 

0.046  70 

24'"' 

64  48 

16 

48  67 

25 

0.006  15 

17 

50  65 

26 

68  43 

18 

52  62 

27 

70  40 

19 

54  60 

28 

72  38 

20 

O.O50  57 

29 

7  1  35 

21 

58  55 

30 

0.076  33 

22 

60  52 

31 

78  30 

23 

62  50 

32 

80  28 

For  use  with  formula  (15),  after  assuming  for  R  its  mean 
value  =  3963.1  miles,  we  have  from  (40),  for  the  day- 
minimum  of  a  temperate  land  climate 

100  000  000  Q  =  +  2.3079-0.009  441  d     for  s  in  feet 

=  +7.5719—0.030  973-/     for  s  in  meters 
f 

And  from  (46),  for  the  day-minimum  of  a  sea  climate 

loo 000 000  Q  =  +2.4413— 0.017 330 d    for  a-  in  feet 

=  +8.0094  -0.056  859  d     for  s  in  meters 

In  conclusion  I  desire  to  acknowledge  indebtedness,  and 
express  thanks,  to  the  U.S.  Coast  and  Geodetic  Survey, 
through  its  Superintendent,  Mr.  O.  H.  TlTTMANN,  for  nearly 
all  the  data,  both  printed  and  manuscript,  upon  which  the 
computations  in  this  paper  rest. 


Comoa  Club,    Washington,  D.C.,  1902  October  1. 
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ON    THE    APPLICATION    OF    DELAUNAY    TRANSFORMATIONS    TO    THE 

ELABORATION   OF   THE   SECULAR  PERTURBATIONS 

OF    THE    SOLAR    SYSTEM, 

By  G.  W.  HILL. 


When  it  is  desired  to  develop  the  coordinates  or  the 
Keplerian  elements  of  a  system  of  planets  in  infinite  series, 
and  there  is  no  objection  to  the  appearance  of  powers  of 
the  time  in  the  expressions  of  the  coefficients,  the  pro- 
cedure to  be  followed  is,  in  general,  immediately  apparent. 
But,  when  t  is  to  be  kept  within  the  functional  signs  sine 
or  cosine,  the  course  to  be  adopted  is  not  so  clear.  The 
difficulty  is  especially  present  when  the  problem  is  to 
determine  the  secular  values  of  the  elements  apart  as  far 
as  possible  from  the  periodic  terms.  On  this  point  the 
reader,  may  be  referred  to  Leverrier's  statement  of  the 
course  he  pursued  in  the  elaboration  of  his  theory  of 
Jupiter  and  Saturn  (Annates  de  V Observatoire  de  Paris, 
Tom.  X,  pp.  99-103),  and  to  the  Naehtrag  of  Prof.  Paul 
Harzer's  prize  memoir  (Die  Sacularen  Verandervngen  der 
Bahnen  der  grossen  Planeten).  As  a  practical  matter,  if  it 
is  desired  to  go  beyond  terms  of  the  first  order  with  respect 
to  planetary  masses,  it  is  impossible  to  get  the  secular  per- 
turbations without  at  the  same  time  consenting  to  the 
derivation  of  the  periodic  perturbations.  However,  it  is  to 
be  noted  that  the  latter  need  be  obtained  only  to  terms  one 
order  lower  than  the  last  order  to  be  retained  in  the  forma- 
ation  of  the  differential  equations  determining  the  secular 
values  of  the  elements.  Thus,  if  it  is  proposed  to  neglect 
all  terms  of  the  third  order  in  the  formation  of  the  men- 
tioned equations,  only  the  first  power  of  the  planetary 
masses  need  be  considered  in  determining  the  periodic 
terms  of  the  elements. 

Dklauxay's  transformations  in  his  treatment  of  the 
Lunar  Theory,  extended  so  that  they  become  applicable  to 
planetary  motions,  seem  eminently  suited  to  remove  what- 
ever obscurities  there  may  be  in  the  processes  heretofore 
adopted.  However,  it  would  be  extremely  inconvenient, 
not  to  say,  impossible,  to  apply  Delaunay's  method  to  a 
group  of  differential  equations  expressed  in  terms  of  the 


coordinates  or  elements  of  the  planets.  It  appears  essential 
that  we  should  make  a  linear  and  orthogonal  transformation 
in  the  rectangular  coordinates.  This  transformation,  first 
indicated  by  Jacobi*  in  the  case  of  two  planets,  was  after- 
wards extended  by  KadauI  to  any  number. 

Denote  the  mass  of  the  central  body  by  m0,  and  the 
masses  of  the  planets,  in  an  order  which  is  at  our  choice, 
by  m1)  iiu,  etc.;  moreover,  put 

-I-         4-         -1-  -1-  '"■ 

m.  =r  m  +m1  +  m„-r    .   .    +mi     ,     k,  =  — 

Then  the  type  of  representation  of  the  rectangular  coordi- 
nates of  the  ilh  planet  relative  to  the  central  body,  in  this 
linear  and  orthogonal  transformation,  is 

J',  +  k,_!   a;^_1+Kf_a    xi_„  +   .  .    +k1.t1 

The  differential  equations  these  variables  satisfy  are  of  the 
type 


d^x, 
It* 


dVL 
dx. 


where  Q  denotes  the  sum  of  the  products  of  every  two 
masses  of  the  system  divided  by  their  distance,  a  relation 
we  will  write  thus  : 

In  order  to  pass  from  equations  in  terms  of  rectangular 
coordinates  to  those  in  terms  of  Keplerian  elements  it  is 
necessary  to  choose  a  simplified  form  of  fi  defining  these 
elements.     Calling  this  form  Q0  we  suppose 

where    e,-  =  xf+yf+zf.     If  Q0  is  substituted  for  fi  in  the 

*  Sur  V (limination  des  mewls  dans  le  probleme  ties  trois  corps. 
f  sur  uiic  transformation  des  equations  diffirentielles  de  la  'hum 
miq "<  . 
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;  inns,  and  bhe  members  arc  divided  by 
(i,_,s:.  we  of  equations  of  which  the  type  is 

i-axis  major,  ml  cicitj  .  <.'■  bhe  in- 
clination. I,  the  mean  anomaly,  g,  the  angular  distance  of 
the  perihelion  from  the  node  and  itude  of  the 

of  a   planet  whose  rectangular  coordinate     are  de 
bypi    ha     just   been  u  ritten. 
Then  the  type  of  linear  elements  severally  conjugate  to  the 
angular  elen  tanonical  system  is 


rj,  =  n>     \), 


C.   =  L,Vi_(.2    ,   //,  =  G,  cos<£,. 


^-1  III  III 


Also  construct  a  function 

(This  /'is  the  negative  oi  Poini  lb£'s  /■').  Then,  if  the  a 
and  the  planetary  coordinates  in  the  right  member  are 
anonical  elements  L,  G,  II,  I,  g,  h,  the 
differential  equations  determining  the  latter  are  of  the 
type. 


dLt 

dF 

dlt 

3F 

~dt 

~  ^7 

Tit 

~dLt 

dG, 

.'/■ 

'I'h 

dF 

~dt 

"%• 

dt 

~  dG, 

dffi 

,'/•• 

dh, 

dF 

~dt 

lit 

,'11 

These  are  the  differential  equations  required  for  the  appli- 
cation of  the  Del.u  nav  method  to  the  motion  of  a  plane- 
tary system. 

It  is  now  necessary  to  rigorously  define  how  pertur- 
bations are  to  be  divided  into  the  two  classes  of  terms 
called  secular  and  periodic.  When  /''is  developed  into  an 
infinite  periodic  series,  the  arguments  of  the  several  terms 
are  linear  functions  with  integral  coefficients  of  the  linear 
equently  there  are  some  terms  whose 
arguments  do  not  involve  any  of  the  lt.  These  terms  arc 
denominated  secular,  while-  the  others,  in  which  some  of 
the  /,  are  present,  are  denominated  periodic.  It  is  here 
assumi  mean  motions  of  the  I  are  Lncommensur- 

only  to  insure  mathematical  rigor 
in  the  statements ;  for,  if  the  integers  expressing  the  ratios 
ons  of  the  I,  are  quite  large,  the  statements  are 
still  true  in  a  practical  sense.  To  illustrate,  suppose  thai 
the  ratio  of  the  mean  revolutions  of  two  planets  is  as  60  to 
1  19  (whicl  e  case  with  Jupiter  and  Saturn)  we 

should  have  to  o  to1  erms  of  the  89th  order  with  respect  to 
eccentricities  and  inclit  ire  anything  contraven- 

ing our  statement  with      Le1    us   now  suppose 

that,  while  we  have  been  finding  the  formulas  of   trans- 


:  ton  for  the  purpose  of  removing  from  /'its  periodic 
terms,  we  have  made  the  substitutions  also  iii  the  original 

Keplerian  elements,  precisely  as  1>i:i.ainw  does   in    bhe 

three  polar  coordinates  of  the  m After  all  the  periodic 

terms  have  Keen  removed  from  /',  it  is  obvious  that  the 
Keplerian  elements  will  be  expressed  by  a  series  of  terms 
in  which  some  involve  the  I,  in  their  arguments  and  others 
do  not.  The  first,  taken  together,  will  constitute  the  jieri- 
ii, lir  perturbations  of  the  elements,  while  the  second,  in  like 
manner,  constitute    the  secular  perturbations  of  the  same. 

The  circumstance  that  an  infinite  number  of  transforma- 
tions has  to  be  made  to  completely  free  /■'  from  its  periodic 
terms  is  no  valid  reason  for  declining  to  accept  this  defi- 
nition of  the  distinction  between  secular  and  periodit  per- 
turbations. In  practice  we  confine  ourselves  to  a  moderate 
number  of  "  ( tperations."  Thus  Delaunay,  in  his  treatment 
of  the  Lunar  Theory,  found  that  about  500  of  these  trans- 
formations reduced  /'sensibly  to  a  non-periodic  term. 

It  would  now  seem  that  the  application  of  the  proposed 
method  to  determining  the  secular  values  of  the  Keplerian 
elements  of  the  eight  major  planets  of  the  solar  system  in- 
volves an  amount  of  labor  not  to  be  thought  of,  since  there 
are  48  Keplerian  elements  in  addition  to  the  function  F, 
in  all  of  which  the  transformations  of  every  operation  have 
to  be  made.  But  it  can  be  shown  that,  for  practical  pur- 
poses, the  transformations  may  be  limited  to  F  alone. 

The  demonstration  of  this  may  be  made  to  depend  on 
several  theorems.     The  first  is 

Theorem  I. —  When  we  have  obtained  the  secular  values 
of  one  set  of  Keplerian  elements  ire  run  derive  thence  the 
secular  values  of  any  other  set,  provided  ire  are  willing  to 
neglect  terms  of  two  dimensions  with  respect  to  planetary 
masses. 

For  the  secular  terms  which  arise  from  the  inter-multipli- 
cation of  the  periodic  terms  with  themselves  or  with  other 
periodic  terms  are  necessarily  of  two  dimensions  with  respect 
to  planetary  masses.  For  instance,  if  we  are  in  possession 
of  expressions  for  the  elements  e  cos  (h+g)  and  e  sin  (//  +  g) 
of  the  following  form  : 

ecos(h  +  g)  =  S+P    ,     e  sin  (h+ g)  =  S'+P' 
when'  S  and  S'  are  the  secular  portions  and  P  and  P1  the 
periodic  [iortions.it  may  be  desired  to  get  the  secular  value 
of  e.     It   is  obvious  that,  to  the  degree  of  approximation 

pri  i 1.  it  is  given  by  the  equation 

e  =  VS2+S'2 
n  the  rigorous  value  is  the  secular  portion  of 

ViN+/'r-r-i.s'+/'Y- 
Former  differs  from  the  latter  only  by  a  quantity  of 
the  eider  of  /•-  or  /'   . 

In  our  linear  trau  formation  of  rectangular  coordinates, 
we  can  imagine  that  xi}  y(,  zt,  are  the  rectangular  coordi- 
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nates  of  a  hypothetical  planet,  which  we  may  designate  as 
belonging  to  the  itb  planet.  Then  this  has  its  instantaneous 
Keplerian  elements  as  well  as  the  real  planet  to  which  it 
belongs.  We  may  inquire  how  the  secular  values  of  the 
elements  of  the  two  planets  compare  with  each  other ;  and 
thus  is  found  the  following 

Theorem  II.  —  Provided  we  neglect  quantities  of  txvo 
dimensions  with  respect  to  jdanetary  masses,  the  secular 
values  of  the  elements  of  each  actual  planet  are  the  same  as 
those  of  the  corresponding  elements  of  its  belonging  hypo- 
thetical  planet. 

In  proving  this  theorem  we  may  always  neglect  the 
squares  and  products  of  the  constants  we  have  denoted  by 
«,.  and  thus  may  reduce  the  relations  existing  between  the 
rectangular  coordinates  of  the  real  and  hypothetical  planets 
to  an  expression  involving  a  single  k.  Thus,  while  X,  Y,  Z 
denote  the  coordinates  of  the  considered  actual  planet,  let 
x,  y,  z  denote  those  of  its  attached  hypothetical  planet, 
and  x',  y',  s' those  of  another  hypothetical  planet;  then  we 
may  set  the  equations 

X  =  x+kx'     ,     Y  =  y  +  Ky>     ,     Z  =  z+kz' 

where  k  is  any  constant  of  the  order  of  planetary  masses. 
In  the  first  place  we  suppose  that  the  two  hypothetical 
planets  are  governed  in  their  motions  by  the  laws  of  Kep- 
ler. Thus  k  and  k'  being  two  constants  and  r2=x2+y2+s2 
and  r'-=x'-  +  yl2+zr2,  we  have  six  differential  equations,  of 
which  the  type  is 


d2x        x 

dT2+kV^° 


dV 

~d¥ 


+  k' 


=  0 


If  we    multiply    the    second    equation  by  k  and  add   the 
product  to  the  first,  the  result  is  the  type  equation 

dsX 


dt- 


+  *3+K*'l75  =  0 


Eliminating  x,  y,  z  from  these  equations  by  means  of  the 
values 

x  =  X— k.x'     ,     y  =  Y  —  kij'     .     z  =  Z  —  kz' 

writing    r2   for    X2  +  Y2+Z2,    and  retaining  only  the  first 
power  of  k,  we  have  three  equations    of   which  the  type 


-*-,+* 


'50- 


d2X      ,X         ro7  X  Xx'+Yy'+Zz' 

?F +  *?+■[»? F 

These   three    differential   equations   admit  a   perturbative 
function  ;  for  if  we  put 


E  = 


Xx'  +  Yy'+Zz 


^Xx'+Yy'  +  Zz'- 


they  take  a  form  of  which  the  type  is 

d2X        X  _  dR 
~di?+  '"  T3  _  ^X 


But,  on  scrutinizing  the  form  of  7?,  we  see  that  in  its  periodic 
development  it  has  no  secular  portion,  since  the  first  part 
can  have  no  term  independent  of  the  mean  anomaly  of  the 
actual  planet,  and  the  second  part  no  term  independent  of 
the  mean  anomaly  of  the  second  hypothetical  planet. 
Hence,  the  theorem  is  true  when  the  planets  concerned  are 
supposed  to  suffer  no  perturbations.  But,  it  is  true  even 
when  we  consider  perturbations  ;  for  here  it  is  sufficient  to 
limit  ourselves  to  periodic  perturbations  of  the  first  order, 
and  these  can  affect  the  secular  values  of  the  elements  con- 
cerned by  quantities  which  are  of  the  second  order. 

In  applying  the  procedure  of  Delaunat  to  the  elabora- 
tion of  our  problem  it  will  be  found  that  the  use  of  the 
linear  variables  L,  G,  II,  which  are  conjugate  to  the  angu- 
lar variables,  /,  g,  h,  is  awkward  and  it  will  be  advisable  to 
imitate  Delaunay's  example  in  substituting  others  in  their 
place.  Then,  in  order  to  form  the  expressions  for  the  dif- 
ferentials of  the  angular  elements,  it  will  be  necessary  for 
us  to  know  the  partial  derivatives  of  each  of  the  new  set 
of  variables  with  respect  to  each  of  the  former  set,  but 
expressed  in  terms  of  the  new  set.  In  regard  to  this  mat- 
ter we  have 

Theorem  III.  —  Provided  we  neglect  terms  of  three 
dimensions  with  respect  to  planetary  masses  in  the  forma- 
tion of  the  differentia/  equations  for  determining  the  secular 
values  of  the  elements,  the  just-mentioned  partial  derivar- 
fiees  maintain  the  same  expressions  throughout  all  the 
transformations  made  to  free  F  from  its  periodic  terms. 

To  prove  this  let  us  suppose  that  a  transformation  is  made 
to  remove  from  F  the  periodic  term  having  6  as  argument, 
8  iuvolving  at  least  one  of  the  angular  variables  I;  we 
know,  that  L  being  one  of  the  linear  elements,  the  follow- 
ing formulas  of  transformation  exist : 

L  =  L0  +  L1cos$+L„cos26+   .  .  . 
0  =  e0(t  +  c)  +  ei  sin  [<90  (*  +  c)]  +  02sin2[0o(7  +  r)]+   .  .  . 

Then  the  new  linear  variable  L,  conjugate  to  the  new  angu- 
lar variable  I,  is  equivalent  to  the  former  L  augmented  by 
the  expression 

i(6lL1  +  26.2L,  +  363L;s+  .  .  .) 

But  this  is  evidently  of  two  dimensions  with  respect  to 
planetary  masses  ;  and  the  partial  derivatives,  mentioned 
above,  have  all  to  be  multiplied  by  factors  of  one  dimension 
with  respect  to  the  same.  The  last  statement  is  subject  to 
an  exception  ;  viz.,  when,  at  the  end,  the  mean  motions  of 
the  I  are  derived  through  the  differentiation  of  F,  the  last 
factor  is  of  the  dimension  zero.  But,  as  we  expect  to  de- 
rive the  motions  of  the  mean  longitudes  of  the  planets  from 
observation,  in  a  practical  sense  this  exception  need  not  be 
considered.  Thus,  the  L,  G,  H  will  always  have  the  same 
expressions  in  terms  of  any  other  linear  variables  we  may 
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choose,  as  a,     .    .    ,  i  to.     This  property  is  well  illustrated 

in   Delatjnay's   Lunar  Theory.     II'  the  values  of  '      ,  etc. 

a  I j 

Pom.  I.  p.  259),  are  compared  with  those  given  at 
d  of  each  "Operation"  the  differences  will  be  found 

n" 
to  be  di\  isible  bj  on!  il  «  e  come  to  Opera'  ton  1 1 .  when, 

a" 

on  arc. unit  oi  Qg  present   in  the  argument  of  the 

term  to  be   removed   by  the  transformation,  the  (inferences 

tt'a 

are  divisible  only  b\ 

These  three  theorems  make  evident  what  is  necessary  to 
!>e  dune  iu  the  proposed  method  of  attacking  the  problem 
in  hand.  In  the  first  place,  we  assume,  since  we  must  set 
some  degree  of  approximation  to  be  aimed  at,  that  terms  of 
three  dimensions  may  be  neglected  in  the  formation  of  the 
differential  equations.  This  is  the  same  as  to  say  that, 
after  integration,  terms  of  two  dimensions  may  be  passed 
bj  .  since  the  effect  of  this  process  is  to  lower  the  terms  by 
one  dimension.  Then  we  develop  F  into  a  periodic  series, 
pushing  the  approximation  in  the  secular  portion  so  as  to 
include  terms  of  two  dimensions,  but  contenting  ourselves 
with  terms  of  one  dimension  in  the  periodic  portion. 
Next,  by  "  <  Operations  "  of  Delaunay  we  remove  its  periodic 
terms  from  F,  term  by  term.  These  transformations  will 
be  made  in  F;  the  consequence  will  be  that  the  secular 
part  of  F  will  receive  accessions  of  new  terms  which  we 
preserve,  and  the  periodic  portion  also  new  terms  all  of 
two  dimensions,  which  we  throw  aside  as  unnecessary  for 
our  purposes.  As  many  of  these  "Operations*'  will  be 
performed  as  we  judge  have  a  significant  effect  on  the  secu- 
lar portion  of  F.  After  this  is  accomplished  we  lop  off 
from  F  any  periodic  terms  it  may  still  contain.  After 
combining  together  the  terms  which  admit  addition,  the 
result  will  be  a  function  F  composed  exclusively  of  secular 
terms.  To  get  the  differential  equations  determining  the 
secular  values  of  the  elements  of  the  system,  we  must  sub- 
ject this  F  to  the  same  partial  differentiations  and  multipli- 
cations by  the  same  factors  as  in  the  case  where  all  con- 
sideration of  terms  of  two  dimensions  is  neglected.  After 
done,  the  linear  elements  appearing  in  the  equations 
have  the  same  signification  in  both  cases  ;  or,  which  may 
be  more  easily  comprehended-  desiring  to  include  the 
effect  of  second-order  terms,  we  do  it  simply  by  modifying 
the  form  of  F  and  modifying  nothing  else.  Thus  is  seen  the 
:    the  I'm  \  i  n  \  v  net  hod  of  proceeding. 

'I'm    Terms  oi    F  ro   bi    Retained  in    its   Preliminary 
Developmi  \  I  . 

Iii   the  preliminary  developmenl  of  fin  periodic  series 

it  is  desirable  to  retain  only  very  exceptionally  terms  of 

two  dimensions  with  respect  to  planetary  masses.     In  the 

place,  in  the  interaction  of  Jupiter  and  Saturn,  these 


terms  are  needed  because  the  masses  of  these  planets  are 
large,  and  because  the  periods  are  nearly  as  2  to  5.     Tn  the 
second  place,  in   the   interaction  of    Uranus  and   Neptune, 
tln\  are  needed  because  the  periods  are  nearly  as  1  to  2. 
Consider  in  F  the  series  of  terms 


As  there  are  8  planets  in  the  system,  there  will  be  28  terms 
of  this  type,  in  26  of  which  we  can  reduce  the  coordinates 
of  the  actual  planets  to  those  of  their  hypothetical  planets. 
Hence,  here  there  will  be  no  difficulty  in  forming  the  peri- 
odic developments  of  the  reciprocals  of  the  distances, 
especially  as  we  do  not  need  the  periodic  portions.  But, 
in  the  cases  of  Jupiter-Saturn  and  I'm  mis  Se/ifune.  it  will 
be  advisable  to  include  terms  multiplied  by  some  of  the 
quantities  k.  Let  us  suppose  that  the  coordinates  of  the 
interior  hypothetical  planet  are  x,  y,  z,  while  those  of  the 
exterior  are  x1,  y',  z',  and  adopt  the  notation 

xx'  +  yy'  +  zz'  =  rr'  cosH 
The  reciprocal  of  the  distance,  in  either  of  the  two  cases, 
will  have  the  expression 

1         1  T  r  rH"' 

K=  -;[l-2  (1—)-,  coSj£T+  (1-k)^J 

It  is  plain  from  the  form  of  the  right  member  of  this  that 
its  periodic  development  can  be  obtained  from  the  ordinary 
expression  for  the  perturbative  function  if,  in  the  computa- 
tion of  the  quantites  h\i)  of  Laplace,  we  employ  the  argu- 
ment a  =  (1  —  «)— ,  instead  of  «  =  — , . 

ii'  a' 

Consider  next  the  middle  term  of  F.  It  is  well  known 
that,  for  secular  perturbations,  this  term  can  give  rise 
only  to  quantities  of  two  dimensions  with  respect  to  dis- 
turbing forces;  hence,  according  to  our  plan,  this  term 
need  be  taken  into  account  only  in  the  cases  of  the  inter- 
action of  Jupiter  and  Saturn  and  again  in  that  of  Uranus 
and  Neptune.  But  we  propose  neglecting  terms  of  this 
kind  in  the  latter  case  because  they  are  not  augmented  by 
the  small  divisor  2n'  —  n.  Hence,  the  discussion  may  be 
limited  to  the  case  of  the  interaction  of  Jupiter  and  Saturn. 
Here 

-    -  -,  =  -  k  -^  cos  H  +  h  k-  ^  (3  cos2//-l) 

A„  i       r  ru  r's 

The  first  term  of  the  right  member  is  given  immediately 
by  the  ordinary  development  of  the  perturbative  function. 
As  the  second  term  is  of  two  dimensions  we  need  consider 
only  its  secular  portion.  In  this  connection  it  is  projiosed 
to  neglect  inclinations  when  we  are  dealing  with  terms  of 
two  dimensions  with  respect  to  disturbing  forces.  With 
this  limitation  ii  is  well  known  that  the  secular  part  of  the 
term  under  consideration  is 


a"(l-e>3)% 
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and  thus  is  free  from  the  angular  elemeuts  g,  g',  h  and  h'. 
But  as  it  may  be  desired  to  be  free  from  this  restriction  we 
will  give  the  rigorous  expression.  If  we  denote  by  A  the 
expression  just  written  and  adopt 

,      B  =  \%  k-  " 


a«(l  _<?«)§ 

the  secular  portion  of  the  term  in  question  is 

.4(1  —  §  sin24>)(l  —  %  siir</>') 
4-f  A  sin2</>  sin2<^>'  cos(/t  — //') 
+f  A  sin24>  sinV  cos  (2h-2h') 
+  B  siu-<£  (1—|  sin->')  cos  2g 
—  B  sin<£  cosH<£  sin2<£'  cos  (2g+  h  —  h') 
+  B  shi<£  sin- A  <£  sin2<£'  cos  (2g— h  +  h') 
+  B  cos4  i  <f>  sin'2  <f,'  cos  (2g  4  2h  -2h<) 
+  B  sin4  £  <#>  sin-<£'  cos  (2,7-2//  4  2/V) 

It  will  be  perceived  that  the  angular  element  g'  is  absent 
from  this  expression. 

On  Making  the  Delaunay  Substitutions. 

Having  now  the  preliminary  development  of  F  it  is  pos- 
sible for  us  to  remove  the  periodic  terms  of  that  function 
by  a  series  of  Delaunay's  "  Operations."  If  the  limitation 
just  stated  is  adopted,  we  need  retain  in  the  periodic  por- 
tion of  F  no  term  involving  inclinations.  Let  the  expo- 
sition be  limited  to  the  interaction  of  two  planets,  and  let 
an  accent  be  attached  to  the  symbols  belonging  to  the  outer 
planet,  while  those  of  the  inner  are  without  that  mark. 
Then  the  differential  equations  satisfied  by  the  elements 
are 


dL          dF 

dG          dF 

dL'          dF 

dG' 

dF 

dt           dl 

dt            dg 

dt            ,)!' 

dt 

dg' 

dl          dF 
lli~~dL 

dg            dF 
~di  ~~d~G 

dl1            dF 

~dT~ ~~d~v 

dg' 
dt 

dF 
'~dG' 

The  form  of  F  is 

F  =  -HA  cos  (il+i'l'-jg+jg1) 
where  i,  V  and  j  are  integers  positive  or  negative.  Sup- 
pose that,  for  the  purpose  of  making  a  Delaunay  "  Oper- 
ation," this  function  is  now  limited  to  two  terms,  viz.,  that 
for  which  i  =  V  =  ,/  =  0,  and  another  for  which  these 
integers  may  be  any  whatever,  except  that  i  and  V  must 
not  be  both  0.     After  Delaunay  write  this  limited  F  thus 

F  =   -  7? -  A  cos  {il  4  i'V  -jg  4  jg ' ) 

For  brevity,  the  argument  of  the   periodic   term    will   be 
called  0. 
will  be 


Then  the  corresponding  differential    equations 


dL 

dl 

dV 

dt 

dG 
It 
dG' 
It 


i  A  sin  0 

i'A  sin  0 

-/  A  sin  6 

j  A  sin  0 


dl 
Hi 

dV_ 

dt 

dg 

dt 

dg' 

~di 


dB      dA 

1 cos  0 

dL  ^  dL 


dB 
dL' 
dB 


dA 
dL' 

,>A 


dG+'jGC0Se 
dB       dA 
dG'+JG'COs6 


In  the  integration  of  these  equations  we  have  not  to  go 
beyond  the  first  power  of  the  disturbing  force,  and  we  call 

to  mind  that  while  -—  and  — —  are  of  the  zero  order  in 
dL  <>L' 


—= -  and  — —    are  of  the  first  order. 
dG  dCr' 


De- 


this  respect,    A 

noting  the  mean  motion  of  0  by  v,  we  see  that  an  approxi 
mative  value  will  be 


dB 


dB        .dB       .dB 
■^  t.i      J  .in  '  <?  5fl 


dG 


dG' 


where  the  symbols  involved  take  their  mean  values.  But, 
in  practice,  it  will  be  well  to  include  in  v  the  corrections  of 
the  order  of  A",  since  they  are  generally  known  before- 
hand. A  little  consideration  will  show  that  we  are  justified 
in  writing  the  formulas  of  transformation  thus: 


Replace  L  by  L 


.  A 


cos  0 


L'—i' '—  cos  I 

V 

<;  +j  -  cosi 


«         Ql  «    G'—j  '-  cos  I 


Replace  /  by  /+_^__,  __j  si 
1        l+  vldL'      %  dL"  vj 


sin  0 


sin  0 


9  ".74- 


1      dA 


v     dG 


sin  0 


ff'  "  .7  4  -     z^tt,  sm  i 


New  secular  terms  in  F  can  arise  only  when  these  sub- 
stitutions are  made  in  a  periodic  term  of  F  having  the 
form 

-A*  coslil+i'l'  +  (j+k)(g>-g)] 


where  /.-  is  an  integer  which  may  be  0,  iu  which  case.  A'  =  A. 
Then,  putting  y  for  g'  —  g,  the  new  secular  terms  arising 
in  /•'  from  making  the  substitutions  in  this  special  term 
are 
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..<      M 
4-  l  T7T~    ~  J  ,  i  •        tJ  ■ 


dA 


COS  (ky) 


Iii  the  case  where  k  =  0,  that  is,  when  the  substitution  is 
made  in  the  term  which  gives  rise  to  it,  the  preceding  ex- 
pression redui 


. 


■M' 


v..i- 


+  ./ 


</.        ''   3G      ■  9G> 

This  is  to  be  added  to  the  non-periodic  term  of  F  which 
Ih'i.Ai  \  w  denotes  by  —  />'. 

Partial  differentiation  with  respect  to  L,  I.'.  G,  G1  is  not 
convenient  in  practice,  therefore  we  substitute  for  these 
the  four  variables  a,  a',  >;.  »/',  of  which  the  third  and  fourth 
are  defined  by  the  relations 

1  _  VW  =  i  ,f  1  -  Vl^c'2  =  i  »/'J 

I  assumptions  make  the  factors  multiplying  the 

partial  derivatives  rational   in   77   and   »;'.      We  also  make 
fj.  =  a"»!,     /x'  =  a"nli.     Then 


dA  _    anf0     <)A_      l-j^dAl  .'I 


dA 
9G 

dA 

oTv' 


1   .'.l 

m  jn     -q     d-q 

aJn'    1    ''A 
m.m'  W  d-n 


With  sufficient  approximat  ion 

,>■  I:  an ' 


,>//-' 


,>-/; 

,>i:- 


Since  .1.1'  is  a  homogeneous  function  of  a  and  a1  of  dimen- 
sions —2,  we  have 


c)(AA')    l  «/d(AA,) 


=   -2.1.1' 


by  means  of  which  partial  derivatives  with  respect  to  a1 
may  be  eliminated.  For  the  sake  of  making  the  foregoing 
expression  for  the  augmentation  of  F  more  ready  in  use  we 
adopt  the  following  modification  of  notation  ;  instead  of  A 


independent  of  the  adopted  linear  and   mass   units.      As 
usual,  we  put  a  for  — ,  and  also  make 


f  =  }»'-}  —  «  +  i'"  -.v  —    -  -1 

v  >«„  v-   mj  v   hi, 


,  .  n  in '  iv  m 

h  =  1  -  —  a  —  v 

v   in,,  v   in. 


Then  the  augmentation  of  F  \a  given  by  the  formula 


S/'  = 


'    \fAA'+ha?mi 

a'  da 


>«*m 


cos  (ky) 


It  must  be  borne  in  mind  that,  after  the  substitution  is 
completed,  the  term  having  the  argument  il+i'V+jy  dis- 
appears from  /•'.  consequently  the  following  substitutions 
are  not  to  be  made  in  it.  Hence,  if  v  is  the  number  of 
terms  in  the  group  obtained  by  allowing  /and  V  to  remain 
constant,  but  varying  j,  the  number  of  term  substitutions 

is   v  - — jj — ;   and  the  last  substitution  of  the  group  can  be 

made  only  in  the  term  itself. 

Lfter  all   the    pi  /•'.   whose  removal  by 

of  Dei  \r\  \v  can  sensibly  modify  the  secu- 
lar poi  function,  have  been  made  to  disappear, 
dent  the  latter  will  have  the  form 

///  in  '  \  j 

F=    j        \       K+A^i/vnSy+.l.yf.i'-r,  'COS  3y+...    [ 

the  .1  are  capable  of  being  expressed  as  powei 

in  77"  and    ,  \      /'  no  longer  contains  the  angular  ele- 


ments /  and  V,  it  is  evident  that  a  and  a'  are  to  be  treated 
as  constants,  and,  by  assigning  to  the  latter  together  with 
the  masses  their  adopted  numerical  values,  all  coefficients 
of  powers  of  77  and  77'  become  expressible  in  numbers,  thus 
rendering  the  computation  manageable.  The  variables 
V'  v'>  a>  'f  are  *^en  determined  by  the  following  equations  : 


dt 

an    1  OF 

111  nm    ,)    <>y 

(/>}'                11 'n'    1 
dt               ihi:iii'  1/ 

dF 

dy 

dg         'in    1  <>F 

dt          )ii0ni   ij  dr) 

(If/1 
lit 

nil 
~  "'0'"' 

1  dF 

v'  >>v' 

After  the  integration  of  these,  the  mean  longitudes  result 
by  quadratures  from 

d(l  +  9)  _         ■       ■■„"'_,  'IT) 
dt  m0m  j_       da         '     d-q    \ 

d{i'+g>)_     «vr2s(^_,  ,?r\ 

It  »V'M~      da,1        V  «Vj 
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It  may  be  interesting  to  see  how  much,  work  the  proposed 
method  demands.  In  the  case  of  the  interaction  of  Jupiter 
and  Saturn,  some  information  as  to  the  special  groups  of 
terms  it  is  advisable  to  retain  may  be  got  from  the  New 
Theory  of  Jupiter  and  Saturn  (Astr.  Papers  oft/ir  American 
Ephemeris,  Vol.  IV,  p.  250).  Let  it  be  proposed  to  neglect 
those  groups  which  give  less  than  1000  units  in  the  four 
columns  of  the  table  on  that  page,  and  deem  it  sufficient  to 
cany  the  approximation  in  the  coefficients  of  F  to  terms  of 
the  fourth  order  inclusive  with  respect  to  eccentricities, 
excep>t  that,  in  the  great  inequality,  the  fifth-order  terms 
are  added.  Then  we  should  have  the  following  table 
of  21  groups  corresponding  to  the  indicated  values  of 
i  and  V 


No. 

Term- 

Xo. 

Term- 

Xo. 

Term 

V      i 

Op. 

Sub. 

V      i 

Op. 

Sub. 

V     i 

Op. 

Sub. 

0-1 

4 

10 

3-1 

5 

15 

5-2 

6 

21 

1  0 

4 

10 

3-2 

4 

10 

5-3 

5 

15 

1-1 

5 

15 

3  —  3 

5 

15 

5-4 

4 

10 

1-2 

4 

10 

3-4 

4 

10 

5-5 

5 

15 

2-1 

4 

10 

4-2 

5 

15 

6-3 

4 

10 

o 2 

5 

15 

4-3 

4 

10 

0-4 

5 

15 

2-3 

4 

10 

4-4 

5 

15 

6-5 

4 

10 

Thus  we  should  have  95  operations  of  Delaunay,  and 
should  have  to  compute  the  formula  we  have  given  for 
(■>/'  266  times.  The  work  in  the  interaction  of  Uranus  and 
Neptune  might  be  limited  to  the  three  groups  indicated  by 
the  figures  2-1,  4-2,  6-3,  and  there  would  be  13  operations 
of  Delaunay  and  35  term-substitutions. 


AL  O  OL-T YPE   VARIABLE,   (5911  B  V  L  YRAE, 

Communicated  by  G.  MULLER  fob  the  A.G.  Committee. 


The  Committee  of  the  Astr.  Ges.  for  the  publication  of  a 
new  catalogue  of  variable  stars  have  assigned  the  name 
RV Li/rae  to  the  Algol-type  variable  recently  discovered  by 


Stanley  Williams  (A.N.S811)  Ch.6915,  «1900  =  19h12m31" 

81900= +32°  14 '.8;  with  the  provisional  elements 

Min.  1902  July  29'1  ll1'  52m.7  (Gr.M.T.)   +3d14"22m  23K5E 


Maximum  brightness  101'. 98,  minimum  brightness  12M.8. 


THE   TERMS   OF   NUTATION, 

By  IRA  STERNER. 


In  the  Astronomical  Journal,  No.  521,  an  account  was 
given  of  my  computation  of  the  terms  of  precession  and 
nutation.     That  account  contained  a  few  printer's  errata  : 

Wherever        was  printed,  oj'  was  meant ;    and  instead  of 


were  large.  These  corrections  were  rightly  computed  ;  but 
the  integrand  whence  they  came,  had  accumulated  from 
an  error  hidden  in  one  of  my  formulas.  Having  recently 
found  this  error,  I  have  computed  all  the  terms  of  nutation 
again  with  much  care. 

For  convenience  I  reduced  the  differential  equations 
of  precession  and  nutation  to  the  following  form : 


".000001  (top  pp.  134,  135),  one  millionth  was  meant. 

On  page  135  I  stated  that   the  coefficients  of  2Q,  "have 

large    oscillatory  corrections,"   and   explained   why  these 

-£-  =  th,is  [l-3sin2A'— cos2A'  cos2jz?'+2  cot2<u  sin2A'  sinjzf' 

+  2 /cos  0\ cot  2co  (1  - 3  sin2  A'-cos2  A'cos  2jzf')  -2  sin  2A'  sin  Jzf" } 
L -I- 2  /  sin  0  (sin  2V  cos  _^'  —  cos2  A'  sin  2  J?"  cot2u>) 
+  i?3[(l-eos2^)(l  +  2/cos0cot2a/)-2/  sinfi  sin2jzfcot2o)] 


k  sin  co  dt 


=  tR< 


—   cos-'A'  sin2jzf'—  sin2A'  cos  Jzf'  cotco 
+  /cos  0(sin2A'  cos  ^'—  cos2  A'  sin2^zf''  cotco) 
I  +  /sin0  jcota>(l-3  sin2A'  +  cos2A'  cos  2^f')  -  sin  2A'  sin^'j 
+Ril—sin2^(l-hi  cos0  cotu.)  +  /  sin 6 (1  +  cos 2^f)  cotco] 


Here  k,  f,  co,  e,  R1,  i<\  and  /,  have  the  same  meanings  as 
in  A.J.  No.  521 ;  moreover,  Cg1  and  Q^are  the  lunar  and 
solar  true  longitudes,  measured  on  the  ecliptic ;  A'  is  the 
moon's  latitude;  and  6  is  the  angular  distance  between  the 
intersections  of  the  variable  ecliptic  and  variable  equator 
with  the  fixed  ecliptic  of  epoch  t  =  0. 

In  expanding  the  products  indicated  above,  I  computed 
accurately  to  millionths  all  coefficients  that  exceed  one- 
millionth.  In  these  expansions  and  in  the  integrations,  I 
used  the  same  astronomical  data  as  before.  I  computed 
all  terms  of  nutation  whose  coefficients  exceed  ".00003. 


To  the  solar  terms  I  have  added  slight  corrections  due 
to  the  action  of  the  moon;  these  corrections  are  each  less 
than  ".0022.  With  the  care  that  I  have  taken  in  verifying 
all  the  computations,  my  final  results  are  the  most  accurate 
that  can  be  obtaine'd  for  the  influence  of  the  sun  and  moon. 
If  further  important  terms  will  ever  be  found  by  theory 
they  will  be  due  to  some  other  cause. 

The  principal  terms  of  nutation  are  the  following: 
The  columns  "  Diffs."  are  my  coefficients    minus  those 
adopted  by  Newcomb. 
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NUTATION     IN     LONGITODl 

Nutation   i\  Obliquity  (cosines). 

Coefs. 

DlfEs. 

Args. 

Coefs. 

DlfEs. 

So 

1  !  f.241 
.0174T 

'007 

Si 

+  j     9.214(1+5) 

O.'jl    l,r 

j   +.0018T 

:  .002  F 

(  +.0083  /' 

..oust 

2' Q 

+  <      .2068 
j      .0001  /' 

-   .002 

2ft 

-  <      .0897 

(  -.0001  T 

ii: 

j      .2040 

•ii : 

+-  j       .nss;, 

~  {  -.000]  /' 

{  -.0001  T 

1 

+         .0676 

2L'-Si 

.0342 

-'-  -ft 

+         .0183 

2/.+.I' 

-         .0261 

2L'  +  A> 

+         .0113 

2/'  -A' 

+         .0149 

2i  -a 

+         .0118 

2L-SI 

-          .0063 

2  /.          1 

+         .0114 

1L-A' 

-         .0050 

2D 

+         .0060 

I'+fl 

+         .0058 

-''+ft 

-         .0031 

.!'-« 

+         .ii<)57 

A'-  ft 

+         .0030 

2//  +  2/>-,l' 

-         .0052 

2IJ  +  2D—  A1 

+          .0023 

2.1-2/' 

+           .noil 

2L'-2A'—£l 

+           .0044 

2L'-2,l'-ft 

-          .0024 

2L'+A'-Sl 

-          .0044 

2L'+   A'-Q 

+          .0023 

2D+2D 

-         .0032 

2L'+2I) 

+          .0014 

2.r 

+         .0028 

2L'  +  2A' 

_         .0026 

27J  +  2A' 

+          .0011 

A'+2L 

+         .0026 

A'+'lL 

-         .0011 

2/.  -2ft 

+           .0025 

2L'—  -i'-q 

+         .0019 

2L'-A'-Q 

_         .0010 

2L 

-  <    1.2606 

j  -.< 1  /' 

-.003 

2L 

+  <      .5469 
\  -.0006T 

+  .001 

A 

+  (      .1248 

-.002 

j  -.00032' 

2L  +  A 

+  (      .0214 

2L+A 

-  (      .0492 

<  -.00012' 

\  -.00012' 

2L—A 

+          .0212 

2L-A 

-         .0092 

Keller'*  Church,  Pa..    L902  Oct.  24. 


OX    THE    VARIABLE   VELOCITY   OF    £  HERCULIS  IN    THE    LINE   OF   SIGHT, 


Communicated  by  PERCIVAL   LOWELL. 


Spectrograms  were  made  of  this  star  by  Mr.  V.  M. 
Sui-iiki:,  with  the  new  spectroscope  of  the  observatory  in 
May,  June  and  September,  and  the  shift  of  the  spectral 
lines  measured  with  the  results  opposite. 

The  result  may  be  compared  with  that  given  in  the  Lick 
Observatory   Bulletin,   No.  20,   where  Prof.  Campbell  de- 
duces —  74.6  for  measures  of  spectrograms  made  between 
July  1.  L901,  and  April  13,  1902. 
Lowell  Observatory,   L902  October  21. 


Date 

Velocity 

Measured  by 

1902  May  11 

-74.0 

Slipher 

27 

-75.7 

June    3 

-72.4 

18 

-74.3 

Sept.    1 

-74.6 

o 

Mean 

-75.3 

-74.4 
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SYSTEMATIC  OBSERVATIONS  OF  OCCULTATIONS  OF  STARS  BY  THE  MOON, 

MADE    AT   THE   DEARBORN    OBSERVATORY    OF   NORTHWESTERN    UNIVERSITY, 

By  G.  W.  HOUGH,  Director. 


The  observations  which  follow  have  been  made,  at  the 
dark  limb  of  the  moon,  with  the  lSi-inch  refractor,  using 
a  power  of  190. 

Under  favorable  atmospheric  conditions  the  dark  limb  is 
visible  when  the  moon's  age  is  nine  days,  under  unfavor- 
able conditions  it  may  be  invisible  at  seven  days. 

With  the  optical  power  I  have  employed,  any  abnormal 
phenomenon  would  be  seen,  except  for  faint  stars  near 
the  time  of  full  moon.  I  have  noted  four  classes  of  phe- 
nomena. 

1.  Instantaneous  disappearance  ;  the  star  appears  to 
dive  under  the  moon. 

2.  Slow  disappearance :  the  apparent  motion  of  the 
star  is  smooth,  and  an  appreciable  time  is  required  for  its 
disappearance,  viz. :  0.1  sec.  to  0.2  sec. 

3.  Sudden  change  in  the  brightness  of  the  star. 

4.  Projection  of  the  star  on  the  earth-like  disk  of  the 
moon. 

For  the  second  case,  the  star  may  be  a  very  close  double, 
probably  beyond  the  reach  of  any  telescope. 

For  the  third  case,  the  star  is  obviously  double,  and 
usually  will  be  within  the  reach  of  existing  telescopes.  A 
number  of  cases  of  the  occultations  of  close  double  stars  are 
cited  in  A.J.  488,  and  also  in  the  present  list. 

Double  stars  of  which  the  components  are  not  very  un- 
equal in  magnitude,  and  the  distance  2"  or  more,  would  be 
seen  and  recorded  separately  with  the  optical  power  I  have 
employed.  But  if  the  observation  is  made  with  a  small 
telescope  and  low  power,  double  stars,  having  a  greater 
distance  than  2"  might  be  seen  to  "  disappear  gradually  " 
instead  of  a  sudden  diminution  of  brightness. 

For  the  fourth  case,  the  projection  of  a  star  on  the 
earth-lit  disk  of  the  moon,  I  think  is  a  real  phenomenon. 

Irradiation  apparently  increases  the  size  of  the  lunar 
disk,  and  all  stars  should  appear  to  hang  on  the  limb  be- 
fore disappearance. 

This  is  a  common  phenomenon  with  8  and  9-magnitude 


stars.  They  appear  to  be  partially  buried  in  the  limb 
before  disappearance. 

Occasionally,  however,  a  star  seems  to  be  projected  on 
the  disk  of  the  moon  for  a  number  of  seconds  of  time. 

I  think  the  explanation  may  be  found  in  the  fact  that 
the  limb  of  the  moon  is  not  a  smooth  outline,  but  consists 
of  numerous  depressions  and  elevations.  If,  therefore,  the 
apparent  path  of  the  star  should  pass  over  a  depression,  it 
might  remain  visible  after  it  had  passed  the  geometrical 
boundary  of  the  disk,  and  to  the  observer  it  would  seem  to 
be  projected  on  the  disk;  such  an  example  is  found  in  the 
present  list. 

The  apparent  motion  of  a  star  occulted  by  the  moon 
varies  approximate^  between  0".3  and  0".6  for  oue  second 
of  time.  Hence  it  might  require  a  number  of  seconds  to 
pass  over  a  depression  before  being  occulted. 

The  stars  occulted  are  numbered  in  the  present  list  as  a 
continuation  of  those  published  in  A.J.  488. 

The  time  has  invariably  been  recorded  with  the  printing 
Chronograph,  and  the  error  of  the  sidereal  clock  determined 
on  the  same  night.  Unless  otherwise  stated  the  phenome- 
non was  instantaneous. 

The  local  sidereal  time  and  the  Standard  mean  time  are 
both  given. 

The  Standard  time  is  six  hours  slow  of  Greenwich,  M.T. 

In  the  table  of  observations 

D  =  disappearance-Immersion. 
B  =  re-appearanee-Emersion. 

The  prediction  of  an  occultation  by  Bessel's  method 
requires  more  time  for  computation  than  the  working 
astronomer  can  afford.  The  American  Ephemeris  devotes 
about  thirty  pages  annually  to  "Elements  for  the  Pre- 
diction of  Occultations  "  by  this  method. 

It  would  appear  from  the  small  number  of  occultations 
observed,  that  these  computations  are  seldom  used. 

I  believe  this  space  could  be  employed  to  better  advan- 
tage by  extending  the  list  of  stars  occulted  by  the  moon. 

(191) 
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be  retained  is 
the  reductioi  lci        Chal     hould  be   ;h  eii  Eoj 

Greene  ich  M.T..  corresponding 
to  tin'  K.A.  and  Decl.  of  the  moon  at  that  instant. 

The  tallies  lor  n  action  to  apparent  place  would  only 
require  aboul  ill!.-'  pages.  The  list  of  occultations  might 
include  stars  down  to  8.5  magnitude. 

In  Popular  Astronomy,  January,  1898,  I  have  given 
plans  tor  parallax  tables  and  a  short  method  lor  computing 
occultations.     If  one  has  prepared  a  sel  of  Parallax  tables, 


the  computation  lor  all  stars  which  maj  he  occulted  be 
fcween  the  hours  chosen  maj  be  made  in  a  few  minutes. 

If  on  the  contrary,  no  t  a  hies  are  ready,  it  is  much  easier 
and  quicker  to  use  a  method  similar  to  thai.  1  have  indi- 
cated than  to  use  Bessel's  method  in  connection  with  the 
data  given  in  t he  Ephemerides. 

Any  one  who  has  used  the  simpler  method  will  not  care 
to  employ  the  Analytical  Formula,  either  for  an  occultation 
or  asolar  eclipse, when  the  computation  is  required  only  for 
one  particular  place. 


Occultation  of  Stars  by  the  Moon. 


No. 

Date 

Name 

Mag. 

Ph. 

Sid.  Time 

St'd  Time 

No. 

Date 

Name 

Mag. 

i'l.. 

Sid.  Time 

St'd  Time 

194 

1900 

dan. 

l 

S.DM. --7  5715 

S.7 

D 

118  34.6 

6h12m43.4 

240 

1900 

Oct.     3 

S.DM.-14°5838 

7.1 

D 

i'l"  L145.3 

ll     m       s 

s  i;;    0.5 

195 

1 

9.5 

D 

1  L0  56  1 

6    5    6.5 

I'll 

4 

S.DM.-10°5720 

8 

D 

in  1  1  38.3 

7  ll'  17.s 

L96 

5 

S.DM.-    1°4387 

9 

D 

1   19  47.9 

6  39  55.7 

242 

30 

S.DM.-15°5650 

9.1 

D 

ll  L0  33.6 

7  25  40.6 

197 

7  DM.+9°97 

D 

1   19  24.9 

6  31  10.9 

243 

30 

S.DM.— 15  7,07,1 

9.5 

D 

21'  14  40.7 

7  29  17  0 

L98 

7   2  07 

8.2 

D 

J  18  37.6 

7  30  13.9 

244 

Nov.    1 

S.DM.-   7°5715 

8.7 

D 

20  54  25.9  6    1  ^^.^ 

199 

7 

9.1 

D 

2  is  ll.:. 

7  30  50.8 

1'17. 

26 

S.DM.- 10  5513 

9.3 

D 

i'l  13  35.0 

0  12  27.0 

8   DM.  •  L3  266 

8.4 

D 

nil  31.6 

7.  23    2.3 

246 

26 

S.DM.      10  7,7,17, 

9.1 

1) 

i'l  7,  i7,;;.i' 

6  23  13.3 

201 

Feb. 

0    TiArietis 

5.3 

D 

4  I':,    5.9 

7    8  59.1 

247 

29 

S.DM.-  3°5515 

8.9 

1) 

0  2137.7 

7  38  25.9 

202 

lo  DM.+20*1705 

8.5 

li 

6    5  39.8 

8  33  32.9 

248 

29 

S.DM.-   3.5516 

9.1 

D 

oil  58.7 

7  38  lo .8 

._.,,.. 

Mar. 

6  DM.  +  21°583 

8.9    D 

7  26  35.5 

s  19  53.5 

249 

Dec.    2 

100  Pixel  ll  ill 

6.8 

D 

0  45    8.2 

7  50    4.8 

204 

7  DM. +22  791 

9.1 

D 

5  49  57.7 

6  39  35.6 

250 

1'9 

DM. +  10°  l.V! 

8.8 

D 

1  43  37.2 

7    1  11.0 

205 

7 

DM.  +-2 2  795 

8.5 

D 

6  25    ."i.4 

7  1  1  37.6 

251 

1901       ''" 

Schjellerup  044 

6 

D 

1  27  54.3 

o  12  38.4 

km; 

i 

DM.+22  797 

8.8    D 

6  12  34.5 

7  31'    3.8 

1'7.1' 

dan.  1'7, 

DM.+   9  1  lo 

8.5 

D 

2  51  55.3 

oil  ll'.O 

207 

8  DM.+21°1056 

8.9 

D 

7  1 1  55.9 

77.7  24.6 

253 

30 

DM.+1'O  11  IS 

8 

D 

2  55  1 1 .  l 

0    7  57.6 

208 

Apr. 

2   DM.  +  20  608 

8.7 

D 

s;,l  12.6 

7  7.s    7..". 

25  1 

Feb.  23 

DM.+  IO  328 

8.7 

D 

7,  10  19.7  0  7,1  ii.:; 

'JO'.' 

2  p=199.7s=81".6 

in 

D 

s  19  13.8 

7  56  38.7 

1-7,5 

24 

DM. +  18  7,1 1 

7.8 

D 

5  34  11.1  7    8  37.1 

210 

2   DM.  1  20  610 

9.3 

D 

8  55  24.3 

s    2  is.;; 

256 

25 

DM. +  2(i  807 

9 

D 

6  36  12.5  8    5  59.2 

I'll 

3 

DM.+21°679 

9.5 

D 

8  33  32.5 

7  36  34.2 

257 

27, 

DM.  + l'n  sos 

8.5 

D 

o  13  32.9 

s  13  18.4 

212 

l 

DM.  +  21  906 

8.8 

D 

s  i.",    5.9 

7  12  Ki.l 

258 

20 

DM.  +20°  1054 

8.2 

D 

7    4  19.2 

8  30    5.4 

213 

4 

DM. +21  909 

9.1 

D 

s  15  35.9 

7  1 1  39.7 

259 

Apr.  21 

DM.+  ls  7,0,0 

9.1 

D 

9  45  19.7 

7  42  16.5 

I'l  1 

1 

l(i     D 

s  17    3.9 

7  Id     7.7. 

I'OO 

23 

DM.  d-18o1450 

9.4 

D 

10    4  13.1 

7  49  19.1 

J  1  5 

4 

in     D 

s  is  57.5 

7    IS     (I.S 

261 

23 

DM.  +  1S1  17,1 

7.5 

D 

10    5  25.1 

7  5030.9 

216 

1 

D.M.+1'I  :HL' 

9 

D 

8  53  Ui.( 

7  7,1'  12.5 

262 

23 

DM.  +  1S°1452 

8.5 

D 

10  17  26.4 

s    2  30.2 

217 

1   DM. +21  913 

9.2 

D 

8  56  111 

7  :>:•  13.0 

20,:; 

23 

DM.+171473 

9 

D 

10  19  25.1 

S    4  l'S.0 

218 

7    DM.  M5  1791' 

8.9 

D 

9  16  52.0 

s    I    3.0 

264 

23 

DM.  +  17M479 

6 

D 

10  45    1.2 

S30    0.5 

219 

30   1>M.  +  l'n  720 

8.7 

D   10  11  11.1 

S      1    1  l.S 

265 

I'l 

DM.  +  17°1708 

9.3 

D 

10  12  50.8  7  53  59.4 

22  ii 

Ma\ 

2   DM.  +  21   ll  1 7 

9.2 

D   1031  12.0 

7  39  53.1 

1-00 

24 

DM.  +  17°1706 

8.5 

D 

Kil'4  1'o.OS    7,1".  1.7 

I'll 

9  B.A.C.  1006 

6.1 

D  13  21  26.0 

lo    2    7.s 

267 

26 

D.M.+   8°2249 

7.7 

D 

10  58  20.4 

8  31  29.8 

222 

Jun  i 

2  DM.  *  p.  1972 

7.2 

1)  13  37  50.9 

s  i  I    8.2 

268 

27 

DM.+   4°2333 

7.5 

D 

12    5  45.1 

9  34  47.5 

223 

3  DM.+   6  2252 

9 

D  13    .-.    7.6 

8    7  34.3 

20,9 

1'9 

S.DM.-  3°3210 

6.8 

D 

10  58  14.4 

s  19  36.1 

22 1 

:;  D.M.+   6  2250 

9 

D  L3  20  27.7 

s  22  51.9 

270 

Sept.  18 

S.DM.-19°4327 

S.7 

D 

19  17  35.2 

7  19  10.0 

225 

1   DM.+    1°2486 

8.3    D  13  15  13.9 

8  43  38.2 

271 

18 

S.DM.-20°4423 

8.9 

D 

19  29  23.1 

7  31     1.9 

2  -.v, 

4   DM.  +   1°2487      8.5    1>  13  57  13.8 

8  56   o.i 

272 

I'll 

S.DM.-20°4901 

8.5 

D 

18  47  38.8  6  4132.6 

227 

8  -  DM.  -15°3756  7.8    D  11  23  28  2 

9    o    2.6 

273 

11 

S.DM.-19°5154 

6.8 

D 

19    7  32.4  6  57  27.1 

228 

;;i   S.DM.-  8°3366    7      D  16  34  13.6 

7  is    ;;.:; 

274 

21' 

S.DM.-19°5704 

8.8 

1) 

19  57:11.1' 

7  43  21.7 

220 

Aug. 

5 

S.DM.     22°4196 

6.8 

D 

1  7  .17  58.6 

8  51  55.0 

275 

Oct.  17 

S.DM. -I'd  ISM 

8.7 

D 

20    1  25.7 

6    8  58.0 

230 

5 

S.DM.     22  11 '.i7 

7.5 

D 

17  59  36.3 

s  ,v;  32.5 

170 

19 

s.DM.     is  7,:; ii 

9.2 

D 

11    11  7,9.1 

7  1  1  ll'.O 

231 

Sept 

:; 

-  DM      22  1630 

9.1 

D 

L8  59  1  1.1 

7  58  59.1 

277 

19 

p'  Sagittarii 

3.9 

D 

22  15    7.9 

814  26,1 

232 

3 

-DM.     22°4631 

8.6 

D 

19    2  21.3 

s    i>    5.8 

278 

I'd 

S.DM.      17,7,7,70 

8.5 

D 

i'o.-,:;7,s.o 

o  19  33.9 

233 

1 

Porter  3168 

D 

19  33  19.(» 

s  29    J.7. 

1-79 

I'l 

S.DM.-12°5896 

9.2 

D 

i'l  32    9.5 

7  23  43.3 

234 

5 

S.DM.-  17  '.-,ssi 

8.3 

D 

19  43  53.8 

8  35  39.7 

280 

24 

A  Piscium 

4.7 

D 

ll  26  36.6 

7    6  23.5 

:':;.-> 

6 

S.DM.-13°5850 

8.5 

D 

is  l".i    6.7 

7  1 7    8.9 

I'Sl 

Nov.  14 

9.5 

D 

i'l  is  19.4 

5  36    3.5 

236 

11' 

p  lArietis 

7 

i; 

20  18  37.0 

9  12  41.0 

282 

14 

A..W.E.  1  1071 

9.2 

D 

11  21  45.9 

5  3S59.0 

237 

12 

p1  Aril  tis 

6 

i; 

21  10  53.7 

9  34  .M  (i 

283 

18 

Schjellerup  8774 

8.5 

D 

23  7>o  7,o.:; 

7  58    1.0 

238 

S.DM.     22  1461 

9.4 

D 

20  58  19  8 

s  11'    5.7 

I'Sl 

Dee.    19 

61'  Piscium 

6 

D 

1     434.7 

7    3  35.0 

239 

30 

S.DM.     21    1779 

7.2 

D 

21     1  lo.:: 

SIS      (11 

285 

21 

a  . Irietis 

5.8 

D 

1'  11  24,1 

S     1' 1M.9 

No-  52S 
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198.     267    p=7°     s  =  1".S6    8*2-9". 1. 

223.  Star  apparently  disappeared,  and  then  reappeared  before 
final  occultation,  p  =  140°. 

237.     Recorded  0s.  5  late. 

l'41.     Star  faint  ;  recorded  0S.5  late. 

268.  Light  of  star  suddenly  diminished  to  one-half  brightness 
before  disappearance.  The  star  was  subsequently  identified  as 
OS 218  p  =  70°.6  s  =  1".15  7M.5-9M  Hw  5n. 

256.  Star  apparently  disappeared,  and  record  made;  it  was  seen 
again,  and  a  second  record  made  3B.S  later.  The  apparent  disap- 
pearance was  undoubtedly  due  to  the  sudden  reduction  in  the  light 


of  the  star.  The  star  was  subsequently  identified  as  Ho  332. 
p  =  125°.9    s  =  l".03    9«-9JI. 

252.     Slow  disappearance.     Cloudy. 

269.  Cloudy.  Star  very  faintly  seen.  Record  probably  about  2' 
late. 

l'74.     Star  very  faint.     Record  about  1B  late. 

275.  Star  appeared  to  be  on  the  limb  of  the  moon  two  or  three 
seconds  before  disappearance,    p  =  106°. 

279.     Star  very  faint.     Record  about  Is  late. 

282.     Star  disappeared  slowly. 

19.5.      Ja  =  —  9". 5    J8  =  111".S.     Compared  with  194. 


OBSERVATIONS   OF   COMET  b  1902  (pebrine), 

MADE     WITH     THE     26-INCH     EQUATORIAL     AT     THE     U.  S.     XAVAI.     OBSERVATOR Y, 

Br  W.  W.  DINWIDDIE  and  C.  W.  FREDERICK. 


1902  Washington  M.T. 

* 

Comp. 

Ja 

j8 

App.  a 

App.  O 

log  ;iA 

Red.  to 

App.  PI. 

Sept.    i  u"   9"  24S 

1 

10  ,  10 

-0 

8.79 

-6  49.3 

1 
3 

14 

2.80 

+  36° 

13  16.8 

7i9.486 

0.012 

+  4!07 

+   L3* 

5  13  24  50 

2 

10,10 

-0 

29.08 

+  8  56.4 

3 

12 

4  7.3  7 

+  36 

40     S.9 

»9.586 

0.145 

+  4.10 

+   1.4* 

13  57  29 

0 

10,10 

-0 

30.56 

+  9  34.4 

3 

12 

45.89 

+  36 

40  46.9 

?).9.508 

0.013 

+  4.10 

+    1.4f 

6  15  15     5 

3 

10,10 

+  0 

28.08 

-4     2.4 

3 

11 

13.85 

+  37 

11  25.1 

»9.128 

9.546 

+  4.17 

+   1.5* 

7  13  51  19 

4 

10,10 

-0 

2.67 

+  3  38.9 

3 

9 

42.94 

+  37 

40   12.4 

,/'.t.500 

9.927 

+  4.24 

+   1.7* 

11  13  30  26 

5 

20,    it 

+  3 

1.68 

+  3  36.8 

3 

1 

17.55 

+  39 

58  14.7 

&9.504 

9.694 

+  4.53 

+  2.8* 

14     2  42 

5 

20,    it 

+  3 

L.05 

+  4  28.3 

3 

1 

13.92 

+  39 

59     6.2 

&9.390 

9.295 

+  4.53 

+  2.8t 

18  11  54  57 

6 

10,10 

+  0 

13.00 

+  1   17.4 

2 

33 

4S.73 

+  45 

22  13.6 

w9.643 

9.430 

+  5.10 

+   5.4* 

23  11  52  12 

7 

16,    it 

+  1 

2.39 

-0  14.1 

1 

52 

....  -.. 

+  50 

39     8.9 

«9.529 

7(0.078 

+  5.68 

+  10.4f 

29     7  31  16 

S 

20,    it 

+  1 

13.S5 

-1  26.4 

0 

6 

40.91 

+  56 

36     9.7 

n9.S61 

9.404 

+  5.84 

+  23.6* 

8     9  14 

8 

10,10 

+  0 

32  22 

-0  31.3 

0 

5 

59.28 

+  56 

37     4.8 

7(9.812 

«9.742 

+  5.84 

+  23.6f 

Oct.      1     9  22  12 

9 

10,10 

+  0 

4.07 

+  0  48.5 

23 

6 

3.12 

+  56 

56  20.9 

w9.366 

?(0.402 

+  5.21 

+  29.6* 

2     8  29  20 

10 

10,10 

+  0 

13.90 

+  4  21.3 

22 

35 

4.82 

+  56 

22     5.5 

((9.463 

7(0.362 

+  4.75 

+  32.1| 

8  35  18 

10 

10,10 

+  0 

5.76 

+  4     8.1 

22 

34 

56.68 

+  56 

21  52.3 

7(9.431 

?i0.370 

+  4.75 

+  32.1* 

8  54  20 

10 

10,10 

-0 

20.24 

+  3  26.1 

22 

34 

30.68 

+  56 

21  10.3 

7(9.306 

7(0.396 

+  4.75 

+  32. 1| 

3     7  27   24 

11 

10,10 

—  0 

17.94 

-1  29.6 

22 

3 

55.42 

+  55 

15     1.6 

7(9.566 

7*0.271 

+  4.26 

+  33.9f 

7     9     1  39 

12 

10,10 

+  0 

13.92 

-1   14.2 

20 

9 

18.35 

+  44 

51  14.8 

9.492 

779.536 

+  2.58 

+  34.7t 

14     6  59  13 

13 

10,10 

-0 

5.26 

-4  54.5 

18 

31 

4.86 

+  21 

35  22.4 

9.386 

0.465 

+  2.02 

+  24.2* 

15     7  33  30 

14 

20,    it 

+  0 

4S.02 

-2  39.1 

18 

22 

48.78 

+  18 

46  27.6 

9.503 

0.550 

+  2.00 

+  22.0t 

8  36  10 

15 

20,    it 

-0 

40.50 

-1  38.9 

18 

22 

28.94 

+  18 

39  34.4 

9.607 

0.604 

+  2.02 

+  22.7t 

24     7     1     9 

16 

19,    It 

-0 

49.30 

—4  55.8 

17 

38 

6.71 

+   1 

58  25.9 

9.564 

0.729 

+  2.05 

+  14.0t 

25     6  48  10 

17 

10 ,  10 

-0 

6.08 

-3  57.4 

17 

34 

53.57 

+   0 

11    57.8 

9.555 

0.736 

+  2.04 

+  13.2| 

31     6  43  27 

18 

19,    it 

-0 

40.92 

+  5     5.1 

17 

18 

23.75 

-  5 

8  48.2 

9.602 

0.762 

+  2.03 

+  10.1* 

Nov.     1     6  42  18 

19 

20,    it 

+  1 

10.19 

-7  51.7 

17 

15 

56.98 

-   5 

56  22.5 

9.608 

0.763 

+  2.02 

+   9.6t 

2     6  31  24 

20 

20,    it 

+  1 

37.22 

-0  44.6 

17 

13 

34.34 

-    6 

41   13.6 

9.604 

0.767 

+  2.02 

+  9.2f 

Dinwiddie,  observer. 


Frederick,  observer. 


Mean  Places 

of  Comparison- Stars  for  tht   beginning  of  the 

year. 

* 

a 

5 

Authority 

* 

a 

8 

Authority 

1 

3  14     7.52 

+  36  20     4.8 

Lund,  A.G.  1719 

11 

h       m       a 

22     4     9.10 

+  55  15  57.3 

Hels.  Got.,  A.G.  12840 

2 

3  13  12.35 

+  36  31  11.1 

Lund,  A.G.  1712 

12 

20     9  31.85 

+  44  51   54.3 

Bonn,  A.G.  13908 

3 

3  10  41.60 

+  37  15  26.0 

Lund,  A.G.  1689 

13 

18  31     8.10 

+  21  39  52.7 

Berlin  B,  A.G.  6550 

1 

3     9  41.37 

+  37  36  31.8 

Lund,  A.G.  1680 

14 

18  21  58.76 

+  18  48    11.1 

Berlin  A,  A.G.  6704 

5 

2  58     8.34 

+  39  54  35.1 

Lund.  A.G.  1572 

15 

is  23     7.12 

+  18  40  50.6 

Berlin  A,  A.G.  6807 

0 

2  33  30.63 

+  45  20  50.8 

Bonn,  A.G.  2242 

16 

17  38  54.02 

+   2     3     7.7 

Albany,  A.G.  5893 

7 

1  51  14.65 

+  50  39  12.6 

Camb.,  Mass.,  A.G.  907 

17 

17  34  57.61 

+  0  4S  42.0 

Albany,  A.G.  5871 

8 

0     5  21.22 

+  56  37  12.5 

Hels.  Got.,  A.G.  61 

18 

17  19     2.64 

-  5  14     3.4 

Munich  I  13927 

9 

23     5  53.84 

+  56  55     2.S 

Hels.  Got.,  A.G.  13805 

19 

17  14    11.77 

-   5  48  40.4 

Radclifre  4510      [1840) 

10 

22  34  46.17 

+  56  17  12.1 

Hels.  Got.,  A.G.  13309 

20 

17  11  55.11) 

-   6  40  38.2 

Munich  I  13744  (1  obs., 

Comparisons  in  a  were  made  by  transits  when  marked  f,  otherwise  Ja  was  determined  by  the  micrometer.  The  illumination  used 
for  transits  often  became  weak,  and  gave  trouble.  The  observations  of  Sept.  23,  Oct.  24  "and  Nov.  1,  are  poor,  due  to  this  cause. 
Cloudy  weather  prevented  further  observations  in  November. 
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OBSERVATIONS   OF    IIFUOMFTER   COMPARISON-STARS, 

MADE    "illl    nil     lilMII     rRANSIT  CIRCLE  OF  THE    0.8.    NAVAL  OB8EBVATOBY, 

H\    Pbofessob  M.  UPDEGRAFF,  Q.S.N.,  and  Compi  rEB  J.  C.   HAMMOND. 


following  are  the  results  of  observations  of  the  stars 
rising  the  firs)  three  lists  of  heliometer  comparison- 
stars  proposed  !■>  Sir  David  Gill,  ELM.  Astronomer,  <  lape 
of  Good  Hope,  in  bis  circular  of  April  2,  1901. 

A  full  description  of  the  presenl  state  of  the  instrument 
will  appear  in  the  introduction  to  Part  IV  of  Vol.  [II, 
Second  Series  of  the  Publications  of  the  U.S.  Naval  Observ- 
atory now  in  press. 

The  positions  of  the  Fundamental  stars  are  derived  from 
Nkwcomb's  Catalogue.  In  right-ascension,  the  transits 
were  observed  over  nine  threads.  In  declination,  two 
ons  were  mad.'  on  each  star  with  the  tangent-screw, 
and  both  circles  were  read,  Circle  A  on  the  first  bisection, 
and  Circle  1!  on  the  second.  The  instrument  was  reversed 
during  each  series,  and  most  of  the  stars  were  observed  an 
equal  number  of  times  in  each  position  of  the  clamp.  In 
right-a  on,  the  mean  value  of  clamp  east  minus  (damp 

onlj  0  i"1"'.  and  the  simple  mean  of  all  the  obser- 
vation- the  final  right-ascension. 
in  taking  the  means  of  the  declinations,  equal  weight  was 
given  to  the  results  obtained  clamp  west  and  clamp  east, 
whether  the  number  of  0  as  was  the  same  or  not. 

The  mean  epoch  of  the  observations  is  1902.14  for  the 
first  list,  and  1 '.mil'.:;?  for  the  others.  The  probable  errors 
in  declination  do  not  include  the  effect  of  graduation  erro]  . 
and  no  correction  for  the  latter  has  been  applied.  How- 
ever, since  the  positions  are  differential  in  declination  as 
well  as  right-ascension,  and  since  the  stars  were  observed 


in  both  positions  of  the  instrument,  and  both  circles  read, 
it  is  probable  that  the  effect  of  graduation  errors  is  small. 

For  the  first  list,  the  microscopes  on  Circle  A  were  read, 
and  all  the  recording  was  done  by  Mr.  Hammond  ;  for  the 
other  lists,  these  duties  were  performed  by  Mr.  C.  W. 
Frederick. 

Fundamental  Stars,  1902.0. 


Star 

Mag. 

R.A. 

Decl. 

I  Tauri 

3.0 

fa 
5 

31 

47.250 

+  21 

4  58.54 

130   Tauri 

5.5 

5 

41 

43.359 

+  17 

41 

33.19 

1  Geminorum 

4.3 

5 

58 

9.794 

+  23 

16 

7.65 

q  Geminorum 

3.5 

6 

8 

57.758 

+  22 

32 

7.51 

/i  Geminorum 

3.2 

6 

17 

1.925 

+  22 

33 

50.94 

£  Geminorum 

3.7-4.5 

6 

58 

17.834 

+  20 

42 

51.39 

51   Geminorum 

5.4 

7 

7 

44.693 

+  10 

19 

31.74 

8  Geminorum 

3.6 

7 

1  1 

16.282 

+  22 

9 

I0.S7 

ip  Leon  is 

5.6 

9 

38 

23.761 

+  14 

28 

12.33 

v  Leonis 

5.2 

9 

52 

57.084 

+  12 

54 

14.30 

a  Leonis 

1.3 

lo 

3 

9.240 

+  12 

20 

16.73 

/  Leonis 

.">..". 

10 

44 

6.433 

+  11 

3 

19.68 

X  Leonis 

4.7 

10 

59 

57.759 

+   7 

51 

57.56 

6  Leonis 

3.4 

11 

'J 

5.895 

+  15 

57 

55.00 

fi  Virginis 

3.8 

n 

45 

35.433 

+   2 

19 

1.41 

7   Virginis 

5.2 

n 

54 

55.776 

+   4 

12 

3.96 

7/  Virginis 

4.0 

12 

1  1 

53.530 

—   0 

7 

19.87 

8  Virginis 

3.7 

12 

50 

39.999 

+  3 

55 

47.96 

48   Virginis 

6.5 

12 

58 

51.406 

—  .". 

8 

9.09 

0   Virginis 

1.1 

13 

4 

52.493 

—  5 

0 

57.08 

Stabs  fob  Neptune,   1901.  1902,   1003  and  1904. 
Observer,  UPDEGRAFF. 


Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

Star 

Mag. 

R.A. 

1902.0 

Decl.  1902.0 

Obs. 

a 

7.2 

n;Y,o 

(-21  35    18.4 

6 

J' 

8.5 

li      i 
6  20 

21.18 

+  22  46  29.5 

6 

b 

7.0 

5  .".I  31.79 

+  22  53  38.9 

6 

q 

8.2 

6  22 

0.46 

+  2:;  43  42.4 

6 

c 

1.3 

:.  58     9.81 

+  2:;  16     7.2 

12 

* 

6.8 

6  22 

7.01 

+  20  33  20.0 

6 

d 

8.2 

6     0  49.42 

+  21  53    16.9 

8 

* 

7.6 

6  26 

5.26 

+  22  15  17.8 

0 

e 

6.0 

6     3    16.96 

+  2:;     7  46.1 

6 

n 

8.8 

6  27 

19.30 

+  21     6  48.7 

6 

f 

7.0 

6     ;,  32.03 

+  20  55  32.5 

6 

V 

8.0 

6  29 

15.96 

+  L'o  58     3.7 

6 

q 

6.4 

6     6  22.65 

+  22  55  50.8 

6 

If 

7.2 

6  30 

45.91 

+  23  10  41.1 

6 

h 

3.2    l  '-' 

6     8  57.76 

+  22  32     7.0 

12 

X 

0.1 

6  33 

11.60 

+  22      7      1.8 

4 

k 

8.7 

6  11   38.17 

+  20  50  32.9 

6 

!/ 

7,s 

6  34 

7.38 

+  23  45    13.7 

4 

I 

6.8 

6  12  56.16 

1  23  38  28.4 

6 

z 

8.0 

6  :;i 

0.72 

+  20  34   30.2 

4 

m 

6   15  22.89 

+  21    10  34.0 

6 

y 

7.3 

6  38 

10.21 

+  20    17  20.0 

6 

0 

7.7 

6  15  50.50 

+23  48  22.3 

6 

a 

7.2 

6  39 

O.OS 

+  22  56   12.0 

5 

n 

3.2 

6  17     1  94 

■  22  33  50.8 

12 

/3 

s.7 

6   lo 

21.11 

+  21   38     5.6 

G 

r 

0.7 

6   19   19.86 

+  21  41   58.5 

" 

Probable  error  of  a  single  observation  in  a,  0».018 
Probable  error  of  a  single  observation  in  8,  ()".'12  for  Circle  A. 

0".24  for  Circle  B. 
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Stars   for  Mars.  1901. 


Stars   for  Jims,   1903. 


Observer,  HAMMOND. 


Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

Star 

Mag. 

R.A. 1902.0 

Decl.  1902.0 

Obs. 

a 

5.9 

10  11  25.17 

+  14  13     1.5 

8 

a 

8.3 

h       n 

12  16 

36.87 

+  0  23  11.0 

6 

c 

7.5 

10  13     8.81 

+  13     6  44.2 

6 

b 

7.8 

12  19 

40.0S 

+  1  55  35.9 

6 

d 

6.2 

10  16  34.20 

+  15  28  11.0 

7 

e 

7.7 

12  21 

45.01 

+  0  21  33.6 

6 

e 

7.8 

10  17  16.75 

+  17  14  10.3 

5 

d 

S.7 

11'  24 

21.50 

-0  41  27.6 

6 

f 

8.7 

10  18  10.56 

+  14  24     3.5 

6 

e 

7.9 

12  26 

14.15 

+  1  52     7.5 

6 

g 

8.0 

10  19  45.35 

+  13  13  37.7 

6 

f 

8.0 

12  27 

58.29 

+  0  15  57.2 

6 

h 

7.8 

10  21  31.18 

+  14     7  31.3 

7 

V 

7.2 

12  29 

21.86 

-0  52     3.2 

6 

k 

7.7 

10  23  10.33 

+  15  15  15.0 

7 

h 

8.8 

12  30 

49.66 

+  1     8  55.0 

6 

I 

7.6 

10  23  11.09 

+  16  15  21.0 

7 

k 

7.5 

12  32 

3.95 

-1  46  43.0 

6 

m 

5.7 

10  26  57.95 

+  14  38  24.8 

5 

I 

8.0 

12  33 

55.48 

-0  18  55.5 

6 

n 

8.0 

10  27     4.63 

+  13  25  23.0 

5 

m. 

8.0 

12  37 

2.90 

+  1     1  59.7 

6 

0 

9.0 

10  28  18.38 

+  15  43     8.2 

4 

n 

8.8 

12  37 

55.46 

-1   42  55.7 

o 

p 

8.1 

10  31  49.54 

+  13  22  30.1 

7 

1> 

6.8 

12  39 

9.43 

-2  18  20.1 

5 

q 

8.0 

10  33  56.45 

+  15  14  32.7 

7 

2 

8.2 

12  43 

5.76 

+  0  10  33.0 

6 

r 

8.0 

10  35  26.31 

+  12  35  23.1 

6 

?• 

8.9 

12  45 

22.16 

-1  17  27.8 

6 

8  5 

10  36  53  31 

+  13  59     2  1 

6 

t 

6.5 

10  41     8.28 

+  13   15  51.9 

8 

Note  :     o 

too  faint  to  observe. 

ii 

O.I 

10  41  13.93 

+  14  42  44.1 

6 

Probable  error  of  a  single  observation  in  a,  0S.016 
Probable  error  of  a  single  observation  in  S,  0".2?»  for  Circle  A. 

0".22  for  Circle  B. 


OBSERVATIONS  OF   COMET  b  1902  (perrine). 

MADE  AT  THE  VASSAE  COLLEGE  OBSERVATORY, 

By  MARY  \V.  WHITNEY  and  CAROLINE  E.   FITRNESS. 


1902  Greenwich  M.T. 

* 

Comp. 

Ja 

JS 

App.  a 

App.  o 

log  /(A 

Red.  to 

App.  PI. 

Sept.  22 

13 

31 

25 

1 

10,8 

-0 

29.21 

-2     5.6 

h       II 

2     4 

32.56 

+  40° 

20  48.9 

»9.826 

0.484 

+  5.55 

+   8.7* 

23 

1  1 

53 

13 

2 

10,8 

+  0 

46.28 

+  8  46.4 

1  53 

23.41 

+50 

32  58.5 

//9.704 

9.965 

+  5.66 

+  10.3* 

27 

13 

33 

13 

3 

10,8 

-1 

35.02 

-3  42.2 

0  52 

20.0.-. 

+  55 

0   12.7 

&9.815 

9.696 

+  6.02 

+  17.8* 

Oct.      6 

15 

7 

25 

4 

10,8 

+  1 

14.46 

-2  15.6 

20  32 

38.27 

+  47 

57  50.3 

9.624 

9.134 

+  2.82 

+  35.5* 

8 

15 

42 

26 

5 

10,8 

-0 

52.70 

+3  20.2 

19  47 

11.29 

+  41 

9  40.0 

9.712 

0.368 

+2.37 

+33.5* 

9 

16 

0 

46 

6 

4,7* 

-0 

24.91 

+  0  42.7 

Mi  28 

56.08 

+  37 

23  38.2 

9.723 

0.532 

+  2.23 

+  31.9t 

10 

15 

10 

•->*> 

7 

10,8 

-0 

56.45 

+  4     7.S 

19   II 

31.29 

+  34 

6   L5.2 

9.687 

0.522 

+  2.15 

+  30.5* 

13 

15 

50 

53 

8 

8  . 8 " 

-0 

25.21 

-3  16.6 

18  38 

13.62 

+  24 

4  41.4 

9.683 

0.712 

+  2.03 

+  25.5* 

14 

13 

23 

34 

9 

8,8* 

-0 

1.23 

+  1  27.0 

18  30 

37.37 

+  21 

26  21.4 

9.572 

0.598 

+  2.01 

+  24.0f 

15 

13 

48 

10 

10 

10,8 

-0 

41.80 

-2     8.0 

18  22 

27.63 

+  18 

39     5.3 

9.611 

0.656 

+  2.01 

+  22.7  + 

20 

12 

57 

31 

11 

10,8 

2 

1  1.S7 

-5     5.3 

17  53 

20.04 

+    7 

54   58.2 

9.589 

0.728 

+  2.04 

+  I7.:;t 

21 

13 

22 

24 

12 

10,8 

+  0 

35.26 

+  5     5.0 

17  49 

5.27 

+    6 

12  .".0.7 

9.617 

0.745 

+  2.05 

+16.1+ 

25 

12 

57 

2 

13 

8,8* 

+  0 

13.77 

-0     2.7 

17  34 

38.89 

+  0 

40  59.8 

9.618 

0.765 

+  2.05 

+  13.lt 

31 

11 

41 

39 

14 

10,8 

-0 

40.08 

+  5  20.0 

17   18 

24.49 

-   5 

8  31.7 

9.589 

0.786 

+  2.02 

+  10.1f 

Nov.    1 

11 

36 

52 

15 

12,5 

+  1 

11.70 

-7  28.6 

17  15 

58.49 

—  5 

55  50.5 

9.591 

0.789 

+  2.02 

+   9.6f 

'Furness,  observer. 


t  Whitney,  observer. 


Mean  Places, of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

3 

Authority 

* 

a 

s 

Authority 

1 

h       m        s 

2     4  56.22 

+  49  22  45.8 

Bonn  A.G.  1856 

9 

18  30  36.59 

+  21  24  30.4 

Berlin  B.A.G.  6545 

o 

1  52  31.47 

+  50  L'4     1.8 

Camb.,  Mass.,  A.G.918 

10 

18  23     7.42 

+  18  40  50.6 

Berlin  A.G.  6807 

3 

0  53  58  65 

+  55     3  ."7.1 

Camb.,  Mass.,  A.G.446 

11 

17  55  42.77 

+    7  50    10.2 

Leipzig  II,  A.G.  8223 

4 

20  31  20.99 

+  47  59  30.4 

Bonn  A.G.  14428 

12 

17    is  27.96 

+   67    15.6 

Leipzig  II,  A.G.  8141 

5 

10   is  31.71 

+  41     5  46.3 

Bonn  A.G.  13479 

13 

17  .",1  23. 07 

+   0  40  49  4 

Nicola  jew,  A.<  r.  4375 

6 

19  29  18.76 

+  37  10  23.6 

Lund  A.G.  8507 

11 

17  19     2.57, 

-   5  14     1.8 

Paris  III  22043 

7 

19  15  25.59 

+  34     1  36.9 

Leiden  A.G.  7258 

15 

17  14  44.77 

-   5  48  40.5 

Radcliffe  1890,  4510 

8 

18  39     6.80 

+  24     7  32.5 

Berlin  B.A.G.6619 

1  Ja  measured  directly. 
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No. 


OBSERVED    MINIMA   OF  VARIABLE    STAUS   OF   TIIK 
APRIL    TO   DFCFAIBEK,   1JK>2, 


AL<;()L-'VXVE, 


Bi     PAUL    S.   VKXDKI.I.. 


phei. 
I  have  three  minima  of  this  star,  all  well-determined. 
As  in  all  lately  published  minima  of  the  star,  the  determi- 
nation of  the  minimum  phase  by  the  use  of  the  mean  light- 
curve  has  been  omitted. 

The  magnitudes  here  used  are  from  photometric  meas- 
ures of  the  comparison-stars,  made  a1  the  Potsdam  Astro- 
physical    Observatory)  and   kindly  transmitted   to  me  in 
cripl  by  Dr.  M  i  i.i.kk. 

tails  of  the  minima  are  as  follows : 
L902  August  2,  twenty-six  observations,  from  8h  25m  to 
15u  35m,  Local  Mean  Time. 

Cime  of  minimum  by  single  curve.  13*  17'",  wt.  5. 
Time  of  minimum  by  equal  brightness, 


8.0 

11    11 

15  14 

13  12.5 

8.2 

11  28 

15     3 

13  15.5 

S.I 

11    17 

1-1  52 

13  19.5 

8.6 

11  58 

14  36 

13  17 

8.8 

L2     7 

14  30 

13  18.5 

9.0 

12  18 

14  26 

13  22 

Mean 


13  15.8 


Minimum  magnitude,  9M.14. 

1902  September  11,  thirty-one  observations,  from  7h  G" 
tol3''-l 

Time  of  minimum  by  single  curve,  10h  36m,  wt.  5. 
Time  of  minimum  by  equal  brightness, 


7.s 

8   is 

12  41 

10  29.5 

8.0 

8  38 

11'  27 

10  32.5 

8.2 

8    16 

11'  in 

10  28 

8.4 

9     1 

j  •>     •> 

10  31.5 

8.6 

9     9 

12     0 

10  34.5 

8.8 

9  18 

11  57 

10  37.5 

9.0 

'.i  26 

11  36 

in   31 

Mean 


10  32.1 


.Mi- 


Minimum   magnitude,  9M.08. 

1902  October  16,  eleven  observations,  from  6b  13mto9h 

Time  of  minimum  by  sin  i     25"',  wt.  •">. 

of  minimum  by  equal  brightness, 


Before 

After 

Mean 

h        in 

h        mi 

h       i 

S    1 

6  18 

9  32 

7   55 

6  --'7 

9  21 

7  54 

8.8 

6  37 

9  11 

7  54 

Mean 


54.3 


Minimum  magnitude,  9*. 08. 


1090  Algol. 
One  minimum  : 
1902  November  2,  twelve  observations,  from 

1 1 ''  25'". 

Time  of  minimum  by  single  curve,  9h  25m,  wt.  i 
Time  of  minimum  by  mean  curve,  9*  I'M"1. 7. 
Time  of  minimum  by  equal  brightness, 


29m  to 


3.4 

3.G 


Before 
h       m 

8  33 


After 
b       n 

10  39 
9  50 

Mean 


Mean 

ll  111 

9  36 

9  2:;.5 

'.I    I'M  s 


Minimum  magnitude,  3M.71. 


Two  minima: 
1902  October 


1411   A  Tauri. 


28,  nine  observations,  from  10h  9m  to  II 


Time  of  minimum  by  single  curve,  llh  34m,  wt.  4. 
Time  of  minimum  by  equal  brightness, 

Before  After  Mean 


4.0 
4.25 


10     7 

10  20 


12  45 
12  30 


11  2G.5 
11  25 


13h 


Mean         11  25.8 
Minimum  magnitude,  4M.3G. 

1902  November  1,  twelve  observations,  from  Sh  17'"  to 
3h7m. 

Time  of  minimum  by  single  curve,  10h  52m,  wt.  5. 
Time  of  minimum  by  equal  brightness, 


4.0 

9  45         12  16 

11     0.5 

4.25 

10     3         11  44 

10  53.5 

Mean 

10  57.0 

5374  SIAbrae. 

One  minimum  : 

1902  May  9,  twelve  observations,  from  8h  3Sm  to  12h  45" 
Time  of  minimum  by  single  curve,  10h  lm,  wt.  5. 
Time  of  minimum  by  equal  brightness, 


Before 

After 

Mean 

].            1M 

h        mi 

h         Ml 

5.8 

8  43 

11    17 

Hi  15 

6.0 

9  13 

11      1 

10     7 

G.2 

9   l  1 

10  22 

10    3 

Mean 

10    8.3 

Time  of  minimum  by  mean  curve,  10h  0"'.l. 
Minimum  magnitude,  6*.25. 
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13" 


6179    V  Ophiuchi. 

Five  minima  : 

1902  May  9,  ten  observations,  from  9h  33m  to  12h  20m. 

Time  of  minimum  by  single  curve,  llh  48'",  wt.  3. 

Time  of  minimum  by  mean  curve,  ll1'  45m.3. 

Time  of  minimum  by  equal  brightness, 

Before  After  Mean 

u  li        ni  h        m  ll        in 

6.6         11  25         12     5         11  45 
Minimum   magnitude,  6".81. 

1902  May  30,  sixteen  observations,  from  Sh  58m  to  13h 
3m. 

Time  of  minimum  by  single  curve,  10h  56'",  wt.  4. 
Time  of  minimum  by  mean  curve,  10h  58'". 9. 
Time  of  minimum  by  equal  brightness, 


6.3 

9  27 

12  15 

10  51 

0.5 

9  57 

11  45 

10  51 

Mean         10  51 
Minimum  magnitude,  6". 59. 

1902  June  9,  nine  observations,  from  9h  55"1  to  13h  13" 
Time  of  minimum  by  single  curve,  12h  18'",  wt.  4. 
Time  of  minimum  by  mean  curve,  12h  2'". 75. 
Time  of  minimum  by  equal  brightness, 

Before  After  Mean 

a  h        m  h        m  h        m 

6.6         11  48         12  42         12  15 
M minium  magnitude,  6M.65. 

1902  July  11,  seven  observations,  from  9*  0"'  to  ll1'  0m 
Time  of  minimum  by  single  curve,  101'  7'".  wt.  4. 
Time  of  minimum  by  mean  curve,  10h  5"'. 5. 
Time  of  minimum  by  equal  brightness, 
Dorchester,  Mass.,  1902  December  16. 


59" 


Before  After  Moan 

OJ,         9  481"      10  20m      lo"   s'" 

Minimum  magnitude,  6M.65. 

1902  August  22,  seven  observations,  from  8h  25m  to  9h 
9"'. 

Time  of  minimum  by  single  curve,  8h  45ra,  wt.  3. 
Time  of  minimum  by  mean  curve,  8h  34"'. 
Time  of  minimum  by  equal  brightness, 

Before         After  Mean 

6M6         S^l'"       8  54m       8h42.'5 
Minimum  magnitude,  6M.70. 

6927    U  Sagittae. 

I  have  obtained  only  one  well-determined  minimum  of 
this  star,  as  follows  : 

1902  September  11,  thirty-four  observations,  from  7h  13m 
to  13"  20"'. 

Time  of  minimum  by  single  curve,  ll1'  7'",  wt.  5. 

Time  of  minimum  by  equal  brightness, 


Before 


After 


Mean 


8.0 

w   33 

13  12 

11  22.5 

8.2 

9  39 

13  3 

11  21 

8.4 

o  4:; 

11'  57 

11  20 

8.6 

o  52 

12  39 

11  15.5 

8.8 

'.i  56 

12  44 

11  20 

9.0 

10  0 

12  24 

11  12 

Mean 


11  18.5 


Minimum  magnitude,  9".  12. 

A  normal  curve,  formed  from  thirty-three  observations 
of  partially  observed  minima  on  June  5  and  22,  and  August 
15  and  25  (Epochs  04,  69,  85  and  88  by  Ebell's  elements), 
and  covering  nearly  the  whole  period  of  the  star's  light- 
changes,  shows,  the  correction  to  heliocentric  time  being 
disregarded,  a  residual  of  — 28m,  corresponding  to  a  mean 
epoch  of  76.5. 


ELEMENTS   AND   EPHEMEEIS  OF   COMET  d  1902  (giacobini) 

By  II.  R.  MORGAN  and  C.  W.  FREDERICK. 

The  following  elements  were  deduced  from  three  normal 
places  formed  from  observations  at  Mt.  Hamilton,  Dec.  5, 
6,  and  7,  and  at  Washington,  Dec.  3,  5,  7,  8,  and  9. 


T  = 


log?   = 


Elements. 
1903  April  1.7863  Gr.  M.T. 
126° 59  42) 


117  12  35 
43  53  29 

0.42912 


1902.0 


Residuals  (O  — C):     J\cos/3  = 
Jfi  = 
U.S.  Naval  Observatory,   1902  Dec.  13. 


—  O.O 
+  3.5 


Heliocentric  Co-ordinates. 


x  =  r  [9.8961 40]  sin  (225  17  27 +v) 
y  =  r  [9.999997]  sin  (135  6  38 +  w) 
z   =   r  [9.789994]  sin(  44  49     2  +  v) 


En 

EMEKIS. 

Gr.  M.T. 

a 

8 

log  A 

Li^h 

1902 

h   in   8 

O     / 

Dec.  L3.5 

7  13  51 

-0  16.7 

0.3146 

1.2 

17.5 

7  11  51 

+  0  30.0 

0.3056 

1.3 

21.5 

7  9  35 

1  21.7 

0.2972 

1.4 

25.5 

7  7  4 

2  18.5 

0.2897 

1.4 

29.5 

7  4  20 

+  3  20.2 

0.2831 

1.5 

Brightness  at  date  of  discovery  is  adopted  as  the  unit. 
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OBSERVATIONS   OF  COMET  d  1902  (gia cob ini), 

MADE    Willi    rill.   26-INCH    i',n    LTOBIA1      \i    tin:    U.S.   \im    OBSERVATORY, 
Bl    U.    W.    DINWIDDIE. 


ihingtor.  M.  1' 

* 

Comp. 

./a 

,/S 

Api>.  a 

App.  o 

log  pA 

Red.  to  App.  PI. 

1 

1,     1 

-HO     5.42 

-8   1  1  5 

7    17   24. SI 

-1  50     3.4 

«9.353 

0.755 

+  1.26    -12.5 

;.  i:;  12  n 

•  > 

tl5,     L' 

-t-1   12.37 

+  0     3.5 

7   16  49.46 

-1   32   is.:; 

»8.879 

0.75  1 

+  4.32   -12.7 

7   11   :.n   15 

3 

ID,  in 

-0  20.35 

+  2  28.4 

7   16   12.05 

-1  15  29.5 

...'.)   12  1 

0.750 

r  1.35  -13.1 

s   12   is  28 

4 

L0,  lo 

+  0     9.68 

-4  16.8 

7    17.  50.50 

-1     5  58.5 

»9.322 

0.74'.) 

+4.38   -13.2 

'.»   11    15  51 

4 

1"  .  In 

-0  11.80 

+  5     0.2 

7  15  29.04 

-0  56   11.7 

//'.I.  is:, 

0.747 

+  4.40   -13.4 

Mean  Places 

of  Comparison- Sfa 

>'*  ./' 

>r  the  beginniinj  <<J'  tin 

year. 

* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

b       iii       ■ 

7  17   15.13 
7    15  32.77 

-1°41     o".4      Nicolaiew,  A.G.  21  12 
-1  32  39.1    1  Xicolajew,  A.G.  2130 

:; 

4 

h       m        a          1             o       i        ii 

7  Mi  28.05       —1   17  44.8      ,v(Mu.  124*7+3  Mu.  ni827) 
7   15  36.44       -1     1  28.5      Nicolajew,  A.G.  2131 

Comparisons  in  a  were  made  by  transits  when  marked  t,  otherwise  Ja  was  determined  by  the  micrometer. 


COMET  d  1902. 


A  despatch  from  Kiel,  Dec.  3,  announced  the  discovery 
of  a  faint  comet  by  GiACOBlNl,  at  Nice,  on  Dec.  2,  in  the 
position  given  below  for  that  date. 

Later  positions,  on  Dec.  3,  observed  by  Dinwiddie,  at 
TJ.  S.  Naval  Observatory,  communicated  through  Mr. 
Ritchie;  and  by  Aitken  at  Lick  Observatory,  telegraphed 
by  Mr.  Tucker,  through  Harvard  College  Observatory,  are 
herewith  given. 


Greenw.  M.T. 

a 

8 

1902  Dec.  2.396 

7   17  40 

-1  58 

Nice 

3.737 

7   17  2  1 

-1  50 

Washington 

5.: is  is 

7  16  45.5 

-1  31      2 

Lick 

6.7930 

7   Hi  30.7 

-1  23  49 

Lick 

7.8192 

7   16     9.8 

-1   14  30 

Lick 

Other  positions  observed  at  the  Naval  Observatory  by 
Dinwiddie,  as  well  as  elements  and  ephemeris  computed 
by  Morgan  and  Frederick  are  given  above. 
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